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Abstract 
Background 
The Hunter New England (HNE) Local Health District (LHD) in New South 
Wales (NSW) faces many public health challenges. These challenges include 
infectious diseases, vectorborne diseases, zoonoses and other important 
diseases such as salmonellosis. The HNE region also faces social challenges 
that impact on the health of its residents such as the health inequalities 
experienced by Aboriginal and Torres Strait Islander people. 
Surveillance is a critical component in enabling public health practitioners to 
address these challenges. Through surveillance mechanisms, public health 
practitioners can observe trends over time, detect aberrations, develop 
hypotheses, reveal associations and identify risk groups. This informs public 
health action and can generate or influence the development of public health 
policy and programs. The HNELHD has a number of surveillance systems in 
place to enable surveillance of public health issues, however, examining the 
usefulness of current systems and developing new methods of surveillance are 
critical steps in disease control strategies. 
Methods 
A number of epidemiological studies utilising different methodologies and 
surveillance systems were undertaken to meet some of these public health 
challenges. To address the challenges of foodborne outbreaks detected through 
routine surveillance, an unmatched case-control study and two retrospective 
cohort studies were carried out. One of the cohort studies utilised a novel online 
survey to obtain information on illness and food consumption. In addition, a 
case-series investigation explored epidemiological links between cases of 
norovirus and food consumption.  
To meet the challenges of surveillance of the pathogens causing gastroenteritis 
and subsequent stool specimen collection for patients presenting to hospital 
with bloody diarrhoea, a retrospective cohort study was conducted. The aim of 
this study was to explore the predictors of stool specimen collection. The study 
utilised data linkage to link emergency department and laboratory surveillance 
data. 
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To meet the challenges of influenza surveillance, a formal evaluation of the 
healthdirect Australia influenza-like illness surveillance (ILI) system was 
undertaken, using the United States Centres for Disease Control and 
Prevention evaluation guidelines. A time-series analysis was utilised to compare 
the performance of healthdirect Australia influenza-like illness data to other 
established influenza surveillance systems. 
Results 
The foodborne outbreak investigations resulted in the detection and remediation 
of both a Salmonella and norovirus source that had been identified as the cause 
of illness in two outbreak investigations. 
The stool specimen collection study identified age and type of hospital a patient 
presented to were predictors of stool specimen collection. This will inform 
targeted public health interventions. 
The evaluation of the healthdirect Australia ILI surveillance system validated the 
usefulness of the system at a national, state and local level. There was strong 
support for jurisdictional level data. The analysis of the healthdirect Australia ILI 
data demonstrated that the healthdirect data was consistent with Flutracking 
and laboratory data but diverged during the pandemic.  
 
Conclusion 
The use of surveillance data provides a basis for the epidemiological 
investigation of public health issues in the HNELHD, including Salmonella, 
norovirus and influenza. The outcomes of these investigations can have a 
positive impact on the health of the residents in this region.  
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A field placement with the Hunter New England Population Health Unit 
 
My field placement with Hunter New England (HNE) Population Health Unit (PHU) was 
within the Health Protection Unit (HPU) in the communicable diseases team. I had 
been working with the communicable diseases team since 2010 as a Clinical Nurse 
Consultant (CNC) before enrolling in the Master of Philosophy Applied Epidemiology 
(MAE) program in 2012. During the program I continued in my role as a CNC and was 
also given the opportunity to act as the HNE OzFoodNet (OFN) epidemiologist from 
October 2012 to February 2014. Both of these roles provided me with an excellent 
opportunity to apply the knowledge gained from the MAE program to my work place.  
In 2010 I completed a Master of Public Health (UNSW) that was very focussed on 
health promotion and only scratched the surface of epidemiology. The MAE program 
was a great opportunity to learn more about applied epidemiology so that I could 
function more effectively in my public health role within the communicable diseases 
team and prepare me for future field epidemiology roles.  
Public Health in the Hunter New England region 
 
The HNE region is a unique combination of urban, industrial, rural and remote 
environments situated in northern New South Wales (NSW). The region is defined by 
the borders of the HNE Local Health District (LHD) and stretches from the coast of the 
Greater Newcastle region in the south to the inland towns along the Queensland border 
in the north-west spanning more than 130,000 square kilometres.1 The HNELHD is 
divided into six major geographical regions termed ‘clusters’ (Figure 1).  
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Figure 1: A map of the Hunter New England Local Health District by cluster 
 
The HNELHD is one of fifteen local health districts in NSW and shares its’ borders with 
the Central Coast Local Health District in the South, the Mid North Coast Local Health 
District in the North-East and the Western NSW Local Health District in the West. The 
HNELHD is classed as a rural health district however it is the only rural health district in 
NSW that incorporates a large metropolitan area within its’ borders. In addition to this, 
a number of rural and remote communities exist within the health district and there are 
also several large regional centres.1 The HNELHD has its own governing body however 
it is part of the NSW Ministry of Health network (Figure 2). 
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Figure 2: NSW Ministry of Health Organisational chart 
 
At the 2011 census the HNE region had a population of approximately 885,060 people 
which represents 12.1% of the population of NSW.2 The age structure within the 
HNELHD is very similar to the overall age structure of the NSW population with the 
majority of the population aged less than 24 years or in the 35-64 years age group. The 
HNELHD has a slighter higher proportion (17.5%) of people in the 65+ years age group 
compared to the NSW population (14.2%) and a slightly lower proportion (11.8%) of 
people in the 25-35 years age group compared to the NSW population (14.2%).2 
The 2011 census also demonstrated that the proportion of the HNELHD population that 
is culturally and linguistically diverse is growing with approximately 22% of the 
population identifying that they were born overseas and 9% identifying that they spoke 
a language other than English at home.3 The estimated proportion of Aboriginal 
peoples in the Hunter New England region is 4%, which constitutes approximately 22% 
of the Aboriginal population in NSW.  
Some of the health challenges that face the HNELHD population include infectious 
diseases, ageing, chronic diseases, social disadvantage, overweight and obesity, 
reduced physical activity, poor nutrition, smoking and excessive alcohol consumption. 
In line with these health challenges and the diverse population of the HNELHD, a 
number of strategic priorities have been nominated for the HNELHD.4 
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The strategic priorities include the following: 
 Deliver disease prevention, early intervention and health promotion across the 
lifespan 
 Support a healthy start to life 
 Empower communities to engage as partners in health 
 Close the gap between Aboriginal and Non-Aboriginal health inequality, and 
 Partner with communities to reduce health disadvantage 
The HNEPHU sits within the Population Health organisational structure (Figure 3). As 
such, the HNEPHU shares the vision, the goals and the strategic priorities of 
Population Health which is aligned with that of the HNELHD.   
Figure 3: Hunter New England Population Health Organisational Chart 
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Overview of the Hunter New England HPU 
The HPU consists of five service teams and is led by Professor David Durrheim. These 
teams comprise: Communicable Disease Control, OFN, Immunisation, Environmental 
Health (Legislation and Monitoring) and Bio preparedness (Figure 3). These teams are 
often supplemented by Public Health Officers from the NSW Ministry of Health, public 
health registrars and research fellows from the University of Newcastle and other 
Australian or international universities. The unit is supported by two biostatisticians.  
Each team is responsible for the management of a specific function and purpose within 
the HPU. Collectively, these units form the Acute Response team (ART). The ART 
responds to infectious disease outbreaks, environmental health threats and public 
health emergencies. This team meets on a weekly basis to review and respond to 
current public health issues. Two public health physicians provide support to the whole 
unit. 
The HNEPHU has two offices, one in the metropolitan centre of Newcastle and one in 
Tamworth, a large rural centre, enabling public health staff to establish strong 
community relationships in both the metropolitan and rural settings of the HNELHD.  
Apart from the mandated public health and response functions, the HPU contributes to 
the evidence base in health protection and provides leadership at the state, national 
and international levels. Members of the team currently serve on expert advisory 
groups to the World Health Organization, the Commonwealth Department of Health, 
and the NSW Ministry of Health. A number of team members are enrolled in higher 
research degrees with an operational and translational focus, and the team has 
developed a number of unique surveillance strategies such as Flutracking, a national 
system for influenza-like illness surveillance. There is a specific focus on addressing 
the particular health risks facing Aboriginal Australians and members of the HPU are 
actively engaged with Aboriginal communities in the HNE region to address these risks 
through culturally appropriate research. 
Summary of public health experience 
 
The Communicable Disease team is responsible for the management of communicable 
diseases in the HNELHD. This involves the monitoring, analysis and follow up of 
notifiable communicable diseases as well as the provision of control advice and 
resources to individuals, facilities and agencies in the HNELHD. The team consists of 
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two public health physicians, five public health nurses and one Aboriginal Health 
Education Officer (AHEO). 
During the MAE program I continued in my role as a CNC in the communicable 
diseases team. This role is varied and encompasses a number of public health 
activities. The main activity of the role is the follow up of notifiable communicable 
diseases as prescribed in the NSW Public Health Act of 2010. I was involved in the 
investigation of cases of notifiable diseases as per the national guidelines for each 
disease and taking further action where appropriate. Further action can be as simple as 
following up risk factor information with patients and immunisation information or may 
involve more complex action such as contact tracing and the provision of prophylaxis to 
individuals who meet the criteria. 
In addition to the follow up of notifiable communicable diseases, another main activity 
of the role includes the provision of communicable disease control advice to health 
service providers and the community. I was involved in the provision of communicable 
disease control advice to a range of people including, but not limited to, the general 
public, general practitioners, hospital clinicians, nurses, aged care facilities, child care 
centres, allied health workers, schools and workplaces through participation in a daily 
phone call roster and an after-hours on-call phone roster. 
Another role of the CNC involves the surveillance of communicable diseases and 
outbreak investigation. I was involved in the production and reporting of the weekly 
communicable disease surveillance report for the HNELHD. This report summarises 
activity for all communicable diseases notifiable as per the NSW Public Health Act of 
2010 for the HNELHD. The report is tabled and reviewed at the weekly HPU meeting 
which I attended on a regular basis. After the report is reviewed, public health action is 
initiated where appropriate. This may include public health interventions such as public 
health messaging through the media or investigation of clusters of disease. 
I also gained experience with surveillance through the use of the NSW Public Health 
real-time Emergency Department Surveillance System (PHREDSS). PHREDSS is a 
syndromic surveillance system that is used to monitor clinical syndromes of public 
health interest.5 In addition to the weekly communicable disease surveillance report, I 
was involved in reviewing the PHREDSS surveillance system to monitor the activity of 
influenza-like illness, pneumonia and gastroenteritis syndromes in the emergency 
departments (ED) for the HNELHD only. 
Another surveillance activity that I was involved in was the production of annual 
disease summaries for the health protection team. Each month the health protection 
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team undertakes an annual or bi-annual review of a notifiable disease to monitor the 
trends and pattern of the disease in the HNE region. I was responsible for producing 
the annual Salmonellosis (Appendix 1) and the Influenza (Appendix 2) summaries 
which were further opportunities for me to translate my epidemiological knowledge into 
practice. 
In my role as a communicable disease CNC I also had the opportunity to get involved 
in a number of outbreak investigations. This included influenza and gastroenteritis 
outbreaks in aged care facilities and other institutions, and the investigation of a 
legionellosis cluster. This experience enabled me to translate my academic learning 
into practice. 
Another important activity in my role as a communicable disease CNC is the 
preparation and delivery of education sessions for local hospital staff on a wide range 
of topics. I prepared and delivered education sessions to infectious disease staff, 
infection control staff and laboratory staff on the topics of legionellosis, salmonellosis 
and measles. I also delivered a presentation entitled ‘Opportunities for improving stool 
specimen collection- Dysentery in HNE’ to the same audience. 
I have also participated in the review of state and national health protection policies. 
Communicable disease nurses are part of the infectious disease network of the NSW 
Ministry of Health. Therefore, during the MAE program I attended infectious disease 
network meetings to review and discuss issues relating to communicable disease 
control in NSW. I was also involved in team reviews of a number of state 
communicable disease guidelines and fact sheets. One of the reviews I participated in 
was a review of the NSW Ministry of Health Pertussis control guideline and the NSW 
Ministry of Health Pertussis fact sheet.  
The review involved examining the existing guideline and fact sheet to ensure the 
disease control and public health management strategies were consistent with national 
guidelines and strategies. In addition, the general layout, language and grammar of the 
guideline and fact sheet were reviewed to ensure the documents were targeted to the 
appropriate audience. 
During the MAE program I was appointed as the HNE OFN epidemiologist from 
October 2012 to February 2014. The HNE OFN office works closely with the NSW 
Ministry of Health OFN office based in Sydney. It is the only regional OFN office in 
Australia as it was the pilot site for the OFN program. The HNE OFN office has 
continued as an OFN site with a research focus in addition to the investigation of 
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foodborne and gastrointestinal illness outbreaks in the HNE region, and throughout 
NSW where required. 
During my tenure in the HNE OFN office I investigated outbreaks of foodborne and 
gastrointestinal illness for both the HNE region and NSW. Some of these outbreaks 
included norovirus associated with the consumption of oysters, an outbreak of 
salmonella associated with the consumption of eggs and an outbreak of 
gastrointestinal illness associated with a wedding. These outbreaks are detailed in 
chapter two.  
Through the investigation of these outbreaks I was able to conduct a number of 
epidemiological studies and gained experience with case-control and cohort study 
methodologies. I was also able to contribute to the understanding of the origins of 
foodborne illness at a local, state and national level through the studies that I 
conducted.  
In my role as an OFN epidemiologist I liaised with a number of people in the OFN 
network. I attended weekly teleconferences with the NSW OFN staff, the NSW Food 
Authority (NSWFA) staff and laboratory staff from the Institute of Clinical Pathology and 
Medical Research (ICPMR). I attended monthly national OFN teleconferences with 
OFN staff, staff from Food Safety Australia New Zealand (FSANZ), laboratory staff 
from the Microbiological Diagnostic Unit (MDU), the NSWFA and other jurisdictional 
food safety regulators. In addition to the teleconferences I also attended several 
national face to face meetings and presented findings from the ED Stool Screening 
project to this audience. 
I was also given the opportunity to collaborate with the NSWFA on a number of 
occasions. I attended a joint health and food authority inspection of premises where an 
outbreak of salmonellosis had occurred. This provided me with an opportunity to 
observe a functioning food premises and gain insight into the possible causes of a 
salmonellosis outbreak. I attended a NSWFA inspection on a farm which was 
implicated in the supply of contaminated foods to the premises responsible for the 
aforementioned salmonellosis outbreak. This gave me the opportunity to gain an 
understanding of the issues facing egg farmers and the commercial egg production 
process. I also collaborated with the NSWFA shellfish unit to write a paper entitled ‘An 
outbreak of Norovirus genotype II associated with NSW oysters’, describing an oyster 
outbreak investigation that I had been involved in. 
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Summary of public health impact 
A number of positive public health outcomes were achieved for the HNE population 
through the investigations and projects that were undertaken over the course of the 
MAE program. The most immediate public health outcomes occurred as a result of the 
foodborne illness investigations.  
An investigation into an outbreak of salmonellosis associated with eating at a 
restaurant resulted in a number of public health actions that led to the identification and 
remediation of the Salmonella source. This in turn resulted in the reduction of 
salmonellosis cases due to a unique Salmonella strain which had been causing an 
ongoing outbreak of gastroenteritis in residents of NSW. The investigation also led to 
improvements in the food handling processes of the implicated restaurant which will 
have the impact of safeguarding the health of future patrons of this restaurant. 
An investigation into an outbreak of norovirus gastroenteritis associated with eating 
oysters, led to a number of public health actions that identified and remediated the 
Norovirus source. Not only did these actions prevent further cases in the short-term, 
but also safeguarded the health of the community and the oyster trade in the long-term. 
The investigation also highlighted the limitations of current water quality assurance 
processes and the potential of new technology to improve these processes. 
The major epidemiological study and the surveillance system evaluation incorporating 
data analysis will have medium to long-term public health impact. The major 
epidemiological study examining stool specimen collection for patients presenting to 
hospital with gastroenteritis is the first study in Australia that has examined factors 
affecting stool specimen collection in hospitals. The insights provided by the study will 
lead to appropriately targeted public health interventions to improve stool specimen 
collection in the HNE region.  
The evaluation of the healthdirect Australia influenza-like illness surveillance system 
and the analysis of the data generated by the system was the first validation of this 
system and provided new additions to the current body of influenza knowledge. These 
additions include the impact of influenza on community paediatric populations and their 
families, seasonal influenza severity, the impact of community concern during a 
pandemic and the relevance of jurisdictional level data. 
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Summary of MAE course requirements 
 
Analyse a public health data set 
An analysis of the data set generated by the healthdirect Australia influenza-like illness 
surveillance system was completed (Chapter 4) 
Plan and conduct an epidemiological study 
An epidemiological study entitled “The Hunter New England Emergency Department Stool 
Screening project” was planned and completed (Chapter 3)  
Evaluate a public health surveillance system 
An evaluation of the healthdirect Australia influenza-like illness surveillance system was 
completed (Chapter 4) 
Conduct an outbreak investigation 
The following outbreak investigations were conducted: 
 An outbreak of Norovirus genotype II associated with NSW oysters (Chapter 2) 
 Salmonella Typhimurium 3-17-9-523 cluster investigation (Chapter 2) 
 Salmonella Typhimurium 3-17-9-12-523 outbreak investigation (Chapter 2) 
 Investigation into an outbreak of gastroenteritis associated with a wedding (Chapter 2) 
Scientific manuscript for a peer-reviewed journal 
A peer-reviewed journal article was published in the Communicable Diseases Intelligence 
journal: 
Fitzgerald T, Zammit A, Merritt T, McLeod C et al. An outbreak of Norovirus genotype II 
associated with NSW oysters. Communicable Disease Intelligence. 2014. 38 (1) pp.E9-E15 
(Chapter 2) 
Conference presentations 
The following work was presented at conferences: 
 Fitzgerald T, Davis S, Dalton C, Munnoch S, Massey P. The ED Stool Screening 
project; Opportunites to improve stool specimen collection in Hunter New England. The 
Communicable Disease Control Conference Canberra, 19-20 March, 2013 
 Fitzgerald T, Dalton C, Davis S, Massey P. Opportunities for improving stool specimen 
collection in Hunter New England. OzFoodNet face to face conference Melbourne, 20-
21 February, 2013 
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 Fitzgerald T, Dalton C, Davis S, Massey P. Opportunities for improving stool specimen 
collection- Dysentery in HNE EDs. OzFoodNet face to face conference Perth, 18-19 
March, 2014 
Lesson from the field 
All lessons from the field were completed and attended. The lesson ‘Control Selection in Case-
Control studies’ was prepared and conducted by teleconference. (Chapter 5) 
Teaching 
A tutorial for the MAE2014 cohort with a MAE2013 colleague on outbreak investigation was 
prepared and conducted. A teaching session entitled ‘Rapid risk assessment for public health 
events’ was also prepared and conducted in conjunction with a MAE2013 colleague. (Chapter 
5) 
Coursework 
All required course block sessions were attended and field reports were presented at each 
session where required. All academic assignments were completed with an overall distinction 
average for the coursework.  
 
Table-Summary of MAE course requirements 
 Chapter 1: 
MAE 
overview 
Chapter 2: 
Epidemiology 
in Hunter New 
England 
OzFoodNet 
Chapter 3: 
The Hunter 
New England 
Stool 
Screening 
Project 
Chapter 4: 
Evaluation of 
the 
healthdirect 
Australia 
influenza like 
illness 
surveillance 
system 
Chapter 5: 
Teaching 
experience 
Analyse a public health data 
set 
  x x  
Epidemiological study  x x x  
Outbreak Investigation  x    
Conference presentation   x   
Scientific article for a peer 
reviewed journal 
 x    
Lesson from the field     x 
Teaching     x 
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Appendix 1 
Acute Response Team 
Agenda Document 
Population Health 
 
 
 
Agenda Item No To be assigned 
Agenda Item HNE Salmonella review: 2012 
Meeting Date 09/10/ 2013 
Tabled By Tove Fitzgerald 
 
 
FOR NOTING 
Issue: 
 
Salmonella notifications are formally reviewed on a yearly basis1, with a report being 
presented to the Acute Response Team.  
 
Budget / Resource Implications 
Nil 
Review 
1.1 Background 
 
In 2012, Salmonella notifications in Hunter New England (HNE) continued to decline 
with 321 reports received (Table 1). This represented a 16.4% decrease in notifications 
when compared to the previous year (n=384). The number of notifications also 
declined across NSW in 2012, with 3160 notifications received during the year, 
representing a 9% decrease when compared to the year before (n=3471).  
Table 1: Salmonella notifications and notification rate2 for HNE Local Health 
District and NSW: 2008–2012. 
  2008 2009 2010 2011 2012 
Hunter New 
England  
Count  264 275 390 384 321 
Rate  30 31 44 44 36 
NSW (total) 
Count  2323 2793 3804 3471 3160 
Rate  33 39 53 48 43 
 
 
                                               
1
 Analysis based on calculated onset date. As per NSW’s NDD Manual, includes Paratyphoid fever (S.Paratypi spp) but 
does not include Typhoid Fever (S.Typhi) 
2
 Per 100,000 population. Denominator is the estimated resident population count for NSW/HNE area for each year.  
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Figure 1 details an increase in the Salmonella notification rate in HNE and NSW in 
warmer months, as expected. The rate each month in HNE ranged between 1.7 and 
5.4 notifications per 100 000 population (in July 2012 and February 2012 respectively). 
In 2012, the rate in the HNELHD remained generally below the overall NSW notification 
rate. The notification rate per 100 000 in HNELHD was greater than in NSW in 
February, June and November. The increase in November can be attributed to a multi-
jurisdictional outbreak where a processing plant in the HNELHD was implicated. 
 
 
Figure 1: Salmonella notification rate per 100 000 population, by month of onset, 
HNELHD and NSW Health, 2008-2012 
 
 
 
 
 
 
1.2 Location of notified Salmonella cases, by Cluster 
 
Salmonella notifications by regional cluster for 2012 were compared to the average of 
the previous five years (Table 2). Notification numbers were higher for the Hunter 
Valley cluster and Greater Newcastle cluster when compared to the five year mean. 
The Mehi and Hunter Valley cluster reported the highest notification rates with 67.6 and 
39.3 per 100,000 population respectively. The rate in Mehi increased when compared 
to the previous year’s rate of 61.8 notifications per 100,000 population, whilst the rate 
in the Hunter Valley cluster essentially remained the same as 2011 (40.1 notifications 
per 100,000 people).  
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Table 2:  Comparison of salmonellosis counts and notification rates, with five 
year averages (2007-2011), by geographical cluster of residence, 2012 
 
  Mehi Peel 
Hunter 
Valley 
Lower 
MNC Tablelands 
Greater 
Newcastle 
2012 total number 
notifications  22 23 74 34 10 157 
       2012 notification rate 67.6 28.2 39.3 37.7 14.8 37.1 
Mean number 
notifications 2007-
2011 
21.6 32 60.8 37.8 24.4 132.2 
Mean notification rate, 
2007-2011 65.8 39.5 33.5 43.1 36 32 
 
 
1.3 Age and sex of notified Salmonella cases 
 
In HNE, the median age for males and females were 32 years and 28 years 
respectively. There was no overall gender difference in the Salmonella notification rate 
for 2012 with 36.2 and 36.5 notifications per 100,000 population for females and males 
respectively. This was consistent with the gender distribution of cases in NSW. When 
gender was examined by age group, the greatest differences in the notification rate 
were seen in the 5-9yrs and 80+yrs age groups where males had a higher notification 
rate than females (Figure 2).  
 
 
Figure 2: Salmonella notification rates by age group and sex, HNE, 2012 
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As expected, children in the 0–4 age group had the highest rate of Salmonella 
notifications (110.95 per 100,000, n=62). This was followed by the 20-29yr age group 
(47.09 per 100,000, n=51), which likely represents either parents of young children or 
travellers (Table 3).  
 
Table 3:  Number and rate of Salmonellosis cases 2012, compared with the 2007-
11 average by age group, HNE. 
 
Age group 
No. of 
cases 
2012 
% of 
cases, 
2012 
Notification 
rate 2012 
Average 
no. of 
cases, 
2007-2011 
% of all 
cases, 
2007-2011 
Average 
notification 
rate 2007-11 
0-4 yrs 62 19.38 110.95 59.00 19.03 109.36 
5-9 yrs 21 6.56 37.88 17.20 5.55 31.27 
10-19 yrs 24 7.50 20.97 33.80 10.90 28.69 
20-29 yrs 51 15.94 47.09 46.40 14.97 43.82 
30-39 yrs 32 10.00 30.45 28.20 9.10 26.47 
40-49 yrs 28 8.75 24.20 32.20 10.39 27.48 
50-59 yrs 37 11.56 31.11 30.60 9.87 26.70 
60-69 yrs 29 9.06 28.07 30.80 9.94 32.70 
70-79 yrs 21 6.56 32.96 17.60 5.68 28.94 
80+ yrs 15 4.69 35.58 14.20 4.58 36.28 
 
 
 
1.4 Common Salmonella spp. notifications, 2012 
 
In NSW, characterisation of Salmonella isolates can be to serotype, multilocus variable 
number tandem repeat analysis profile (MLVA), or phage type level, depending on the 
organism. Phage type data reported here were provided by Microbiological Diagnostic 
Unit, Public Health Laboratory Melbourne or the Institute of Medical and Veterinary 
Science, Adelaide, or is based on historical phage type/MLVA profile association. 
 
Salmonella typhimurium (STm) was the most commonly reported serovar in 2012, with 
172 notifications received (53.7%). Where MLVA typing was available (95.3%), STm 
MLVA 3-9-7/8-12/13-523 was the most frequently reported MLVA and subtype, 
representing 10.9% of total Salmonella notifications, and 21.3% of all MLVA types, 
which is an increase of 7% from 2012.  This MLVA profile is historically associated with 
STm PT 170. There were six point source outbreaks of this MLVA profile during 2012 
that were investigated by HNE OzFoodNet.   
 
The next most frequently reported MLVA profile was STm 3-16/17-9-12-523, 
representing 10.6% of total Salmonella notifications and 20.7% of all MLVA types. This 
was a newly emerged MLVA profile first identified in NSW in June 2012.At this time, 
cases were also identified in QLD, Victoria and the ACT. This organism was phage 
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typed and identified as phage type 135, which has previously been associated with 
chicken.   An OzFoodNet  multi-jurisdictional outbreak investigation was established 
and found fresh chicken from a single major producer to be the source of this outbreak. 
S. Enteritidis (n=18) followed by S Wangata (n=15) and S Singapore (n=15) were the 
second and third highest reported Salmonella infections. Appendix 1 details the top ten 
Salmonella infections reported to HNE between 2009 and 2012. 
 
1.4.1 STm PT 170/135  
 
As phage typing is no longer conducted routinely on STm isolates, it is difficult to 
determine the true number of Salmonella infections that were attributable to STm PT 
170 or 135. Figure 3 illustrates the trend of these two phage types over the last five 
years. Phage type 170 has been the dominant phage type, however in June 2012, PT 
170 began to decline and there was a steep increase in PT 135 which can be attributed 
to a multi-jurisdictional outbreak of a newly emerged STm 135 MLVA profile. 
  
Figure 3: Salmonella Typhimurium PT 170/135 notifications, NSW, 2008-2012 
 
 
 
 
 
1.4.2 Salmonella Enteritidis 
 
Salmonella Enteritidis was the second most commonly reported Salmonella infection in 
HNE, with 18 cases reported in 2012. Seventeen cases were interviewed (94%), one 
case was unable to be contacted. All cases had travelled overseas in the week 
preceding illness, to the following countries: Indonesia (12) (Bali = 11) Thailand & 
Singapore (3) and Vietnam (2). There were no locally acquired cases in HNE. Phage 
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type information was available for 83% of isolates, with PT 1 (5), PT 6A (4), and PT 21 
(2) being the mostly commonly reported phage types. 
 
1.4.3  Salmonella Singapore 
 
In 2012, there were 15 notifications of this serovar received. This is similar to the 
number of notifications received in 2011 (n=12). There has been an increase in cases 
of S. Singapore in HNE since 2010, when S. Singapore was identified in locally 
produced eggs. In 2011, S. Singapore was associated with locally produced chicken. In 
2012 there were two small clusters (n=3 in each cluster) identified in March and 
December. A total of four cases were interviewed, however no common food vehicle 
was identified.  
 
1.4.4 Salmonella Wangata 
 
Salmonella Wangata is a Salmonella serovar that occurs along the Eastern seaboard 
from Central Queensland to Southern NSW. Cases of S. Wangata have been 
increasing in frequency in NSW since 2009 and in HNE since 2010. In 2012, there 
were 15 notifications of this serovar in HNE, which is similar to the number of 
notifications for 2011 and 2010 with 18 and 14 cases respectively (Figure 4). 
  
HNE OzFoodNet has been interviewing all cases of S. Wangata in NSW since 
December 2011. S. Wangata is thought to be an environmental serovar with no 
common food exposures identified to date. Environmental exposures identified include 
outdoor activities, household pets, native animals and just recently, close proximity to 
water. In HNE, approximately 55% of cases occur in the Lower Mid North Coast 
Cluster (Figure 5). 
 
Figure 4. Salmonella Wangata notifications by year, HNE/NSW, 2008-2012 
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Figure 5. Salmonella Wangata notification rate by cluster and year, HNE, 2008-12 
 
 
 
 
 
1.5 Salmonella outbreaks, 2012 
 
There were seven Salmonellosis outbreaks detected and investigated in 2012, 
affecting 50 people (43 laboratory confirmed), compared to eight outbreaks the 
previous year. Table 4 summarises the outbreaks investigated.  
 
Table 4:  Foodborne/suspected foodborne outbreaks reported in HNE, 2012 
 
Month of 
onset Setting Pathogen No. ill Evidence* 
Epi. 
Study** Responsible vehicle 
Jan Restaurant STm 3-9-7-12-523 14 D D Deep fried ice cream 
Jan Butcher shop S. Wangata 3 D No 
formal 
study 
Unknown 
Feb Restaurant STm 3-9-7-13-523 20 D,M C Raw egg mayonnaise 
Feb Take-away STm 3-9-8-13-523 3 D C Unknown 
Apr Restaurant STm 3-9-9-12-523 5 D,M C Deep fried ice cream 
May Institution STm 3-14-9-14-523  3 D No 
formal 
study 
Unknown 
Aug Restaurant STm 3-17-9-12-523 2 D D Unknown 
*Evidence: D=Descriptive evidence implicating the suspected vehicle or suggesting foodborne transmission;   A=Analytical 
association between illness and food; M=Microbiological confirmation in the suspected vehicle and cases;     AM=Analytical and 
microbiological evidence. 
**Epi Study: C=Cohort study; CC=Case control study; D=Descriptive case series; N=Individual patient data not collected  
 
 
1.6 Salmonella enhanced surveillance / routine investigations  
 
 
In 2012, OFN Hunter routinely investigated notifications of several Salmonella 
serotypes including S. Enteritidis, S. bioser java and S. Wangata. All children under 12 
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months were interviewed with a modified hypothesis generating questionnaire. Cluster 
and outbreak investigations were also conducted on key Salmonella spp. 
 
 S. Enteritidis: 17/18 patients interviewed (HNE) 
 S. bioser java. Four cases interviewed (HNE). Three cases reported overseas 
travel in the week prior to illness onset. One case had been to North Sydney in 
the week prior to onset and had visited Taronga Zoo, The Rocks precinct and 
Darling Harbour. 
 Salmonella cluster investigations. In addition to the six Salmonella outbreak 
investigations, a further two cluster investigations were conducted by 
OzFoodNet.  
  
Information on indigenous status was collected during routine follow Salmonella 
notification follow up and outbreak investigations and recorded in the NSW notifiable 
diseases database (NCIMS). 
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Appendix 1: Top Ten Salmonella infections (n) for HNE, 2009 – 12 
 
2012 (n) 2011 (n) 2010 (n) 2009 (n) 
S. Typhimurium MLVA 
profile 3-9-7/8-13-523 (35) 
(historically associated with 
STm PT 170) 
S. Typhimurium MLVA 
profile 3-9-7-13-523  (28)   
(historically associated with 
STm PT170) 
S. Typhimurium MLVA 
profile 
3-9-7-13-523  (30) 
(historically associated with 
STm PT170) 
S. Typhimurium MLVA profile 
3-9-8-12-523 (16) 
(historically associated with 
STm PT170) 
S. Typhimurium MLVA 
profile 3-16/17-9-12-523 
(33) 
(typed as PT 135) 
S. Enteritidis (20) 
 
S. Singapore (25) S. Typhimurium 3-9-7-13-523  
(13) 
(historically associated with 
STm PT170) 
S. Enteriditis (17) S. Virchow (19) 
 
 
S. Enteritidis (20) 
 
S. Birkenhead (9) 
S. Singapore (15) S. Wangata (18) S. spp (untyped) (19) S. Montevideo (9) 
S. Wangata (15) S. Typhimurium MLVA 
profile 
3-14-11-12-523  (15)      
(historically associated with 
STm PT135A) 
S. Infantis (16) S. Saintpaul (9) 
S. Virchow (10) S. Typhimurium MLVA 
profile 3-12-15-13-523 (14)      
(historically associated with 
STm PT9) 
S. Wangata (14) S. Agona (8) 
S. Saintpaul (7) S. Typhimurium MLVA 
profile 3-10-8-9-523    (14)   
(historically associated with 
STm PT44)    
S. Saintpaul (13)  S. Chester  (7) 
S. Birkenhead (7) S. Singapore (12) S. Typhimurium MLVA 
profile 
3-12-15-13-523 (10) 
(historically associated with 
STm PT9) 
S.  Typhimurium MLVA 
profile 
3-9-7-12-523   (7) 
(historically associated with 
STm PT170) 
S. Typhimurium MLVA 
profile 3-12-11-13-523 (7) 
(no PT information) 
S. Typhimurium MLVA 
profile 
3-9-7-15-523   (11)  
(historically associated with 
STm PT170) 
S. Typhimurium MLVA 
profile 3-14-11-12-523 (9) 
(historically associated with 
STm PT135a) 
S. Typhimurium MLVA profile 
3-10-14-11-496   (7) 
(historically associated with 
STm PT9) 
S. Muenchen (6) S. bioser java    (9) 
 
S. Typhimurium MLVA 
profile 
3-10-14-12-496 (9) 
(historically associated with 
STm PT9) 
S. Infantis,  
S. Singapore,      (6) 
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Prologue 
My Role 
In July 2012 I joined the Hunter New England (HNE) OzFoodNet (OFN) team as a part 
time foodborne disease epidemiologist. The professional responsibilities included 
surveillance, quality improvement activities (i.e. the revision of questionnaires), service 
planning, and investigation of foodborne disease outbreaks and cluster investigations 
for the HNE region and the state of New South Wales (NSW).  
During my time in OFN I was able to learn about foodborne illness investigations, 
participate in multi-jurisdictional outbreak investigations, get an understanding of food 
industry systems and I gained an appreciation of issues that currently face the food 
industry. This chapter outlines three outbreak investigations that I conducted while 
working in the role.  
The first was an investigation of an increase in Salmonella Typhimurium (STm) with a 
Multiple-Locus Variable number tandem repeat Analysis (MLVA) pattern of 3-17-9-12-
523 associated with eating at a bowling club. This increase was detected through 
routine surveillance. The second was an investigation of a norovirus outbreak 
associated with a wedding where an electronic survey method was utilised to 
investigate the outbreak. The third investigation was an outbreak of norovirus 
associated with the consumption of NSW oysters where real-time polymerase chain 
reaction (PCR) assisted in linking the contaminated oysters to the affected cases. 
Lessons Learned 
The combination of work and study provided many rich learning opportunities including 
leading, designing and conducting a case-control study. There were some very 
practical skills that I gained as I put my academic learnings into practice. These skills 
included writing a case-control study protocol, creating a case-control questionnaire, 
interviewing, control recruitment and the statistical analysis of a case-control study.  
The common source Salmonella outbreak that was identified and investigated sat 
within a larger state wide cluster, so I then experienced how to apply a case definition 
to separate the outbreak cases from the rest of the cluster.  
In this outbreak investigation I learned how to manage the analysis of small sample 
sizes through developing a grouping strategy to improve the precision of the analysis. 
In the context of small sample sizes I also learned that non-significance does not 
necessarily mean nil association and looking at the proportion of illness that is 
explained by a particular variable, such as a food item, is also important.  
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Further worthwhile experience gained included how to identify the study population 
from which to recruit controls, how to recruit controls and when to use matching. 
Another important lesson from this outbreak investigation was that analytical studies 
don’t always provide a definitive answer to the question asked of the study but the 
outcomes they provide can be triangulated with other available information to provide 
insights into the problem being addressed. 
The norovirus outbreak associated with a wedding also provided a number of lessons. 
The main lessons learned from this outbreak were how to use an electronic survey 
platform to conduct an outbreak investigation as well as the advantages and 
disadvantages of this method.  
In the outbreak of norovirus associated with the consumption of oysters I experienced 
another example of how descriptive epidemiology can link with other sources of 
information, such as laboratory results and environmental investigation results, to 
provide insights into the most likely cause of the outbreak and implications for public 
health.  
Public Health Impact 
There were a number of public health actions that resulted from the outbreak 
investigations I undertook while completing the MAE program. Through these 
investigations I was able to impact on food safety from the restaurant to the producer, 
which resulted in a reduced risk of foodborne illness in the wider HNE population. 
The investigation of the norovirus outbreak associated with the consumption of oysters 
led to the identification and remediation of a contaminated oyster harvest area, 
preventing further cases. The outbreak also highlighted the usefulness of molecular 
detection methods for future outbreaks of norovirus associated with oysters in 
Australia. 
The STm 3-17-9-12-523 investigation led to the identification of this novel Salmonella 
strain on an egg farm. The farm was subsequently remediated and cases were no 
longer detected after October 2013. This investigation also led to the NSW Ministry of 
Health liaising with the Department of Primary Industries to discuss the possibility of 
conducting trace back of pullet stock. The New South Wales Food Authority (NSWFA) 
is currently investigating this issue.  
This chapter is divided into three sections. The work presented is designed to 
demonstrate the breadth of my experience while working as an OFN epidemiologist 
during the MAE program. The three sections of this chapter are: 
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Part A: Salmonella Typhimurium 3-17-9-12-523 cluster investigation 
Part B: Investigation into an outbreak of norovirus gastroenteritis associated with a 
wedding reception 
Part C: An outbreak of norovirus genotype II associated with NSW oysters 
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Abstract 
Background 
 
Salmonella is a gram negative bacterium that causes acute gastroenteritis. Salmonella 
Typhimurium (STm) is one of the most common Salmonella serovars occurring along 
the eastern seaboard of Australia, with the majority of cases occurring in NSW, the 
Australian Capital Territory (ACT) and Victoria. STm is further subtyped using Multiple-
Locus Variable number tandem repeat Analysis (MLVA). Thirty-three cases of 
Salmonella Typhimurium with an MLVA pattern of 3-17-9-12-523 were notified to the 
New South Wales Ministry of Health with collection dates between 26/04/2013 and 
15/05/2013. This was the fourth state-wide cluster of this organism identified in NSW 
since June 2012, when the organism first emerged. 
Methods 
A state-wide cluster investigation was initiated by the Hunter New England (HNE) 
OzFoodNet (OFN) team. Cases were interviewed using the standardised OzFoodNet 
Hypothesis Generating Questionnaire and a standardised trawling questionnaire. The 
demographic characteristics of the cluster were described. The proportion of cluster 
cases who had consumed food items listed in the Hypothesis Generating 
Questionnaire and trawling questionnaire was calculated and compared to the 
proportion of previously notified NSW Salmonella cases who had consumed the same 
food items. The two proportions were tested for statistical significance using the chi-
square test with the significance level set at 0.05. 
Results 
A total of 26/33 (78.8%) cases were interviewed with a response rate of 78.8% with 
15/26 (58%) of the cases being female. The median age was 25.5 years (range 0-75). 
Consumption of eggs was higher among cluster cases than previously notified NSW 
Salmonella cases. The consumption of Asian cuisine and sushi or sashimi was also 
higher than expected compared to previously notified NSW Salmonella cases and this 
was statistically significant for both food items (p=0.01). Egg was a common ingredient 
in the Asian meals. 
Conclusion 
Egg was identified as a possible transmission vehicle in this cluster. A higher than 
expected proportion of cluster cases had consumed eggs when compared to the food 
consumption history of previously notified NSW Salmonella cases. A higher than 
expected proportion of cluster cases had also consumed Asian cuisine compared to 
the food consumption history of previously notified NSW Salmonella cases. These 
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results were statistically significant and egg was identified as a common ingredient in 
the ethnic cuisine meals. 
Salmonella Typhimurium 3-17-9-12-523 cluster investigation 
 
Background 
Salmonella is a well-recognised bacterial cause of foodborne illness in Australia.1 Over 
2000 serovars of Salmonella have been identified and are broadly divided into two 
groups:- non-typhoidal and typhoidal.2 Non-typhoidal Salmonella is the most common 
cause of Salmonellosis in Australia and causes a self-limiting gastrointestinal illness.1 
Complications from infection with non-typhoidal Salmonella include dehydration, 
electrolyte imbalance, bacteraemia, reactive arthritis, irritable bowel syndrome and 
infrequently, death.2  
 
Salmonella Typhimurium (or STm) is one of the most common Salmonella serovars 
occurring along the eastern seaboard of Australia, with the majority of cases occurring 
in NSW, the ACT and Victoria.3 In NSW, STm is further subtyped at the Institute for 
Clinical Pathology and Medical Research (ICPMR) using Multiple-Locus Variable 
number tandem repeat Analysis (MLVA). MLVA is a molecular sub-typing method that 
is used to differentiate strains of STm, which assists in the detection of potential 
outbreaks.4 The current MLVA method uses five sites (or loci) along the Salmonella 
genome to count the number of repeated gene sequences.5 The number of repeats at 
each site is coded and then transferred into a five number sequence (or pattern) to 
create a unique identifier for each individual strain.5  
 
NSW OFN had been investigating cases of STm with the MLVA pattern 3-17-9-12- 
523 since the pathogen first emerged in NSW in June 2012 (Figure 1). At the time, this 
strain of Salmonella was a novel pathogen that had not previously been seen in 
Australia6. At the time the pathogen first emerged in NSW in June 2012, cases were 
also detected in Queensland (QLD), Victoria and the ACT. An OzFoodNet multi-
jurisdictional outbreak investigation was initiated and STm 3-17-9-12-523 was identified 
in chicken meat isolates that were collected from a sampling program of a national 
chicken producer.6  
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Figure 1: Notified cases of Salmonella Typhimurium 3-17-9-12-523 in New South Wales 
residents, by month of specimen collection, New South Wales, June 2012- Aug 2013 
 
 
 
Phage typing is a method of subtyping that is used to differentiate Salmonella strains.4 
Phage typing was used routinely to subtype Salmonella strains in NSW until MLVA 
became the preferred typing method in 2010 (Peter Howard, ICPMR, personal 
communication).  
 
MLVA became the preferred method for Salmonella typing at this time for a number of 
reasons. The primary reason is that MLVA is a much more discriminant typing method 
than phage typing which enables better outbreak detection.5 For example, there might 
be 50 cases of Salmonella with a phage type of 135, but within this group there may be 
five different MLVA patterns. Investigators are then able to better target investigations 
by using one or more of these MLVA patterns to follow up cases.  
 
Also, MLVA has better laboratory turnaround times for Salmonella typing and gives 
investigators near real-time surveillance information as it is conducted on site at 
ICPMR in NSW. Investigators receive MLVA information on a weekly or bi-weekly 
basis. Prior to MLVA typing, samples had to be sent to Victoria for phage typing, with a 
turnaround time of approximately two months (Peter Howard, ICPMR, personal 
communication). 
 
An additional reason for using MLVA as the preferred typing method for Salmonella 
Typhimurium is that MLVA can be conducted on site in any jurisdiction. This is 
compared to phage typing which is highly specialised and requires specialist training. 
There is limited capacity of laboratories to perform phage typing in Australia. 
57 
 
 
The national enteric pathogen surveillance scheme (NEPSS) collects serotype and 
phage type information on both human and non-human Salmonella isolates at a 
national level. Phage typing of human isolates identified the STm 3-17-9-12-523 
organism as phage type 135 which has previously been found in chicken meat.7 
 
In May 2012, thirty-three cases of Salmonella Typhimurium with an MLVA pattern of 3-
17-9-12-523 were notified to NSW Health with collection dates between 26/04/2013 
and 15/05/2013. This time frame represented a two-fold increase in Salmonella 
notifications when compared to the previous three weeks and the majority of cases 
were located in the same region. This was the fourth cluster of this organism that had 
been identified in NSW since June 2012, when the organism first emerged, and it 
prompted an investigation into the source of the cluster, with an a priori hypothesis that 
poultry was the source. 
A state-wide cluster investigation was initiated by HNE OzFoodNet. Salmonella is a 
notifiable disease in NSW under the NSW Public Health Act, 2010. All cases of 
Salmonella detected by public and private laboratories are required to notify 
Salmonella cases to their nearest public health unit in NSW. Cases are then entered 
into the NSW notifiable diseases data base. 
Methods 
Epidemiological Investigation 
All cases of Salmonella Typhimurium with an MLVA pattern of 3-17-9-12-523 notified to 
NSW Health with a specimen collection date between 26/04/2013 and 15/05/2013 were 
deemed eligible to be included in the investigation. Cases were contacted up to three 
times by telephone for a response. If the case was unable to be contacted they were 
classified as lost to follow up.  
Interviews were conducted by trained interviewers, using the standardised OzFoodNet 
Hypothesis Generating Questionnaire and a standardised trawling questionnaire. 
These two questionnaires are routinely used together at the start of a Salmonella 
cluster investigation to maximise the capture of the food exposure history of Salmonella 
cases and to improve the chances of identifying the food exposure that is most likely 
the source of the cluster.  
Food consumption data has been routinely collected from all NSW Salmonella cases 
interviewed by HNE OFN since 2007 using the Hypothesis Generating Questionnaire 
and trawling questionnaire. During routine interviews of notified Salmonella cases, 
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cases are asked to provide a food history for seven days prior to the onset of their 
illness. Each individual case is asked about their exposure to over 250 food items and 
the responses are then recorded in a Microsoft Excel spreadsheet, along with 
demographic information and specimen collection date. The data is then analysed to 
calculate the proportion of Salmonella cases who have been exposed to the 250 food 
items since 2007. This historical food consumption data is used to try and detect food 
consumption levels that are above what is expected for a particular food in cluster 
investigations in an attempt to narrow down potential sources.  
While interviewing notified cases, nine cases were identified as part of a common 
source outbreak in the HNE region. These nine cases were excluded from the state-
wide cluster investigation and a separate outbreak investigation was commenced. This 
outbreak investigation is also reported in this chapter. 
After the nine outbreak cases were excluded, food exposure information was collected, 
collated and reviewed for the remaining cluster cases. The proportion of cluster cases 
who had consumed food items listed in the Hypothesis Generating Questionnaire and 
trawling questionnaire was calculated. This was compared to historical food 
consumption patterns (i.e. proportions) for the same food items. The two proportions 
were tested for statistical significance using the chi-square test with the significance 
level set at 0.05. Statistical analysis was conducted using Stata version 11, 
intercooled.8 Only 2012 and 2013 Salmonella cases were used for the comparison of 
free range eggs as this reflects the time period where the public and industry push 
towards free range eggs has occurred. 
An initial investigation identified that five of the cluster cases had consumed an Asian 
style meal. The interviews of the five cluster cases who had eaten Asian cuisine were 
reviewed to identify the meals that had been consumed by the cases in addition to 
common ingredients used in these meals that may be high risk for contracting 
Salmonellosis. These cases were then excluded from the cluster analysis. Further 
analysis was conducted on the remaining cluster cases to identify a food item that 
might explain all of the cases in the cluster. 
Ethics 
Outbreak investigations are covered under the legal framework of the Public Health 
Act, 2010. Therefore, additional ethical approval for this investigation was not required. 
Environmental Investigation 
The NSW Food Authority (NSWFA) was informed of the cluster in anticipation of a 
trace-back investigation. The NSWFA conducts trace-back investigations of implicated 
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food sources by following up combinations of brand name information, size or weight 
information, date of purchase and batch numbers. The NSWFA liaised with 
representatives of the previously implicated poultry processor to obtain the most recent 
results from the poultry processors’ sampling program. 
Results 
A total of 33 cases of Salmonella Typhimurium with an MLVA pattern of 3-17-9-12-523 
were notified to the NSW Ministry of Health with specimen collection dates between 
26/04/2013 and 15/05/2013 were identified (Figure 2). 
Figure 2: Number of notified cases of Salmonella Typhimurium 3-17-9-12-523 in New 
South Wales residents notified to the NSW Ministry of Health, by week, 2013 
 
Demographics 
All interviewed cases 
A total of 26/33 (78.8%) cases were interviewed via telephone. Demographic 
information was available for all 26 interviewed cases. Cases were predominantly 
female (n=15, 57.7%). The median age was 25.5 years (range 0-75 years). The most 
common symptoms reported were diarrhoea (n=26), fever (n=23) and abdominal pain 
(n=20). The median duration of illness was 10 days (range 4-25). A total of five cases 
were hospitalised and no deaths were reported. The majority of cases resided in the 
HNE region (n=17, 65.4%) (Table 1). A total of 9/26 cases were identified to be part of 
an outbreak. The remaining 17 cases were analysed as cluster cases. 
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Table 1: Number and proportion of notified cases of STm 3-17-9-12-523 by residential 
region, all interviewed cases, New South Wales, 2013 
Residential region Number (% of total) 
Hunter New England 17 (65.4) 
Northern Sydney Central Coast 2 (7.7) 
Sydney West 3 (11.5) 
South East Sydney 2 (7.7) 
Greater Western 2 (7.7) 
Total 26 (100) 
 
Cluster cases excluding outbreak cases 
Demographic information was available for 15/17 cluster cases (88.2%). Cases were 
predominantly female (n=9, 52.9%). The median age was 27 years (range 5-59 years). 
The majority of residents resided in the HNE region (9/15, 60%) (Table 2). 
Table 2: Number and proportion of 26 notified cases of STm 3-17-9-12-523 by residential 
region, New South Wales, 2013 
Residential region Number (%) 
Hunter New England 9 (60) 
Northern Sydney Central Coast 2 (13.3) 
Sydney West 2 (13.3) 
South East Sydney 1 (6.7) 
Greater Western 1 (6.7) 
Total 15 (100) 
Food consumption 
Food consumption information for 240 food items was available for 15/17 (88%) cluster 
cases. The proportion of cases that were exposed to each food item was calculated. 
Food consumption information for the cluster cases was then compared to historical 
food consumption data. The most commonly consumed foods are listed below in tables 
3 and 4: 
Table 3: Frequency of meat and dairy consumption reported by 15 patients with STm 3-
17-9-12-523 in New South Wales compared to historical meat and dairy consumption, 
April, 2013 
Exposure Number of cluster 
cases that 
consumed food 
item 
(n) 
Proportion of 
cluster cases that 
consumed food 
item 
(%) 
Historical food 
consumption 
data** 
(%) 
p-value 
Any chicken 13 86 95/160 (60) 0.05 
Fresh pre-cut 
chicken 
9 60 49/146 (33) 0.04 
Sliced deli-
ham 
7 46 101/160 (63) 0.21 
Any eggs* 13 86 35/128 (27) 0.09 
Free-range 
eggs 
10 66 65/136 (48) 0.18 
Yoghurt 9 60 95/160 (60) 1.00 
 *Any eggs-eggs eaten at home or outside of the home 
**Proportion of previously notified NSW Salmonella cases that consumed the same food item 
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Table 4: Frequency of take-away food consumption reported by 15 patients with STm 3-
17-9-12-523 in New South Wales, compared to historical take-away food consumption, 
April, 2013  
Exposure Number of 
cluster cases 
that consumed 
food item 
(n) 
Proportion of 
cluster cases 
that consumed 
food item 
(%) 
Historical food 
consumption 
data* 
(%) 
p-value 
Chicken or 
produce 
containing chicken 
prepared or eaten 
outside of the 
home 
9 60 44/180 (24) 0.01 
Asian cuisine 5 33 10/250 (4) <0.01 
Sushi/sashimi 4 26 12/222 (5.4) <0.01 
*Proportion of previously notified NSW Salmonella cases that consumed the same food item 
Consumption of eggs was higher among cluster cases than historical comparison data 
(13/15 vs 35/128) (Table 3), however this was not statistically significant (p=0.09). The 
consumption of Asian cuisine and sushi/sashimi was also higher than expected 
compared to historical consumption data and this was significant for both food items 
(p<0.01) (Table 4).  
 
A separate review of the Asian cuisine meals consumed by the five cluster cases 
identified five different meals from five different Asian restaurants. Egg was identified 
as a common high Salmonella risk ingredient in all of the Asian cuisine meals that had 
been consumed by the separate cluster cases. 
 
After the exclusion of the five cluster cases who had consumed Asian meals, the food 
consumption information for the remaining ten cluster cases was reviewed. Commonly 
consumed foods are listed below (Table 5, Table 6). The consumption of a number of 
food items was higher than expected. The consumption of any eggs was higher among 
cluster cases when compared to historical data but this was not statistically significant 
(8/10 vs 101/160, p=0.50). The consumption of free range eggs was also higher than 
expected among cluster cases compared to historical data and this result was 
significant (7/10 vs 35/128, p=0.01). 
 
Eight cases reported eating eggs purchased from the same major supermarket chain. 
No common brand was identified. A total of four cases reported consuming eggs that 
were raw or runny or products containing raw or runny egg such as uncooked cake 
batter. Other food items with higher than expected consumption included sliced deli 
ham (5/10 vs 49/146, p=0.32), yoghurt (6/10 vs 65/136, p=0.52), milk (8/10 vs 87/136, 
p=0.50), mushrooms (6/10 vs 82/236, p=0.17), frozen berries (5/10 vs 7/140, p=<0.01) 
and chocolate (8/10 vs 57/138, p=0.02) (Tables 5 and 6).  
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Table 5: Frequency of meat and dairy consumption reported by 10 patients with STm 3-
17-9-12-523 in New South Wales compared to historical meat and dairy food 
consumption frequency, April, 2013 
 
Exposure Number of 
cluster cases 
that consumed 
food item 
(n) 
Proportion of 
cluster cases 
that consumed 
food item  
(%) 
Historical food 
consumption 
data* 
(n/total)(%) 
p-value 
Fresh pre-cut 
chicken 
5 50 95/160  (60) 0.74 
Sliced deli ham 5 50 49/146 (33) 0.32 
Any eggs 8 80 101/160 (63) 0.50 
Free range eggs 7 70 35/128 (27)  0.01 
Yoghurt 6 60 65/136 (48) 0.52 
Pasteurised full 
cream milk 
8 80 87/136 (64) 0.50 
Hard cheese 7 70 92/137 (67) 1.00 
*Proportion of previously notified NSW Salmonella cases that consumed the same food item 
Table 6: Frequency of fruit/vegetable/chocolate consumption reported by 10 patients with 
STm 3-17-9-12-523 in New South Wales compared to historical fruit/vegetable/chocolate 
consumption frequency, April, 2013 
Exposure Number of 
cluster cases 
that consumed 
food item 
(n) 
Proportion of 
cluster cases 
that consumed 
food item  
(%) 
Historical food 
consumption 
data* 
(n/total)(%) 
p-value 
Carrots 5 50 176/239 (73) 0.14 
Red, white or 
brown onion 
6 60 154/239 (64) 0.75 
Lettuce 5 50 125/242 (52) 1.00 
Mushrooms 6 60 82/236 (34) 0.17 
Apples 6 60 155/241 (64) 0.75 
Bananas 5 50 179/241 (74) 0.14 
Frozen berries 5 50 7/140 (5) <0.01 
Chocolate 8 80 57/138 (41) 0.02 
*Proportion of previously notified NSW Salmonella cases that consumed the same food item 
Environmental Investigation 
Details regarding egg brands, size, date of purchase and batch numbers were unable 
to be provided to the NSWFA for a trace back investigation due to poor case recall and 
the short shelf life of eggs. The NSWFA reported to HNE OFN that there had not been 
any detections of STm 3-17-9-12-523 in the chicken meat of the previously implicated 
poultry processor for six months prior to the cluster. 
 
Discussion 
In 2010, 44% of Salmonellosis cases in Australia were attributable to STm.9 Where 
STm has been identified as the source in an outbreak setting in Australia, raw or 
undercooked eggs have been the most frequently identified source.9  
 
One of the features of this cluster was the high proportion of cases who had consumed 
Asian cuisine when compared to historical data (Table 4). Egg was identified as a 
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common high risk ingredient for Salmonella in all five Asian cuisine meals which had 
been consumed by cluster cases. Egg was also identified as a commonly consumed 
food item among cluster cases who had not consumed this cuisine. Eighty percent of 
these cases had consumed eggs which is higher than expected when compared to 
historical egg consumption data (Table 3).  
 
It is biologically plausible that contaminated eggs were the contaminated food 
responsible for illness in this cluster as the consumption of eggs is a well-known risk 
factor for Salmonellosis, especially the consumption of raw or undercooked egg.9 In 
this cluster investigation, 4/10 (40%) of cluster cases who had not eaten Asian cuisine 
but who had eaten eggs reported consuming eggs that were raw or runny, or had 
consumed products containing raw egg such as cake batter.  
 
Further, it is possible that the cases who had consumed Asian cuisine had 
undercooked egg in their meal, but this couldn’t be verified in this investigation. Asian 
cuisine however, has previously been implicated in other STm outbreak investigations 
where raw or undercooked egg has been the suspected source of the outbreak.10,11  
 
Additional evidence implicating egg was the absence of positive STm isolates in the 
chicken meat sampling program of a previously implicated food processor. The 
absence of detections in a chicken meat sampling program of a previously implicated 
processor that did not change over time, in addition to the fact this unique strain of 
STm has only been previously identified in poultry, added to the evidence that egg was 
the most likely source of the cluster. 
 
It is also possible that a food item other than eggs may have been the source of this 
outbreak. STm has been identified in a number of other food items which have caused 
outbreaks of Salmonellosis in Australia.11,12 Eggs however, remain the predominant 
cause of STm outbreaks in Australia with approximately 60% of STm outbreaks 
attributable to eggs.9 In addition to this, the strain of Salmonella detected in this 
investigation was a novel strain that had previously been found only in poultry so it is 
unlikely that another food item was the source of this outbreak. 
Limitations 
 
There were limitations to this investigation including recall bias due to delays in 
interviewing cases as a result of the time it takes to receive MLVA data. Salmonella 
specimens have to be received and cultured in the local laboratory before being sent to 
ICPMR for MLVA typing as ICPMR is the Salmonella reference laboratory for NSW. 
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This process can take up to a week. Once the specimen has been received by ICPMR, 
the turnaround time for MLVA is up to two weeks. This means there is up to a three 
week delay between a person submitting a specimen and the OzFoodNet site receiving 
the MLVA results. MLVA data, however, remains the timeliest Salmonella surveillance 
data. Other methods of Salmonella typing such as phage typing can take up to two 
months.  
 
The time frame from a case consuming contaminated food, becoming symptomatic, 
submitting a stool sample for analysis and the receipt of MLVA information is 
approximately 3 weeks. This leads to delays in interviewing which results in cases 
being unable to recall details about egg consumption, particularly egg brands, size and 
date of egg purchase. The opportunity to obtain batch numbers for eggs was also lost 
as eggs have a short shelf life of approximately two weeks. The details of egg 
consumption are essential in taking further action such as testing in a cluster 
investigation where eggs are suspected as the source of infection.  
 
The lack of detail regarding egg consumption in this investigation led to the 
investigators being unable to take further public health action. An analytical study may 
be of limited value in a cluster investigation where egg is suspected as the source of 
infection, as it can be a common ingredient in a number of foods, hence reducing the 
possibility of detecting an association between egg and illness. 
 
Another limitation in this investigation is the quality of the historical food consumption 
comparison data. There is a possibility that historical egg and chicken consumption 
data may be over-represented in the database as these are common sources of 
Salmonella. This could make it difficult to see differences in the consumption of egg 
and chicken between new Salmonella cases and previous Salmonella cases. 
 
Conclusion 
Egg was identified as a possible transmission vehicle in this cluster. A higher than 
expected proportion of cluster cases had consumed eggs when compared to historical 
food consumption data. A higher than expected proportion of cluster cases had also 
consumed Asian cuisine compared to historical food consumption data and a review of 
the Asian meals identified egg as a common ingredient in these meals. The information 
obtained in this investigation is consistent with the current understanding of the 
epidemiology of this pathogen.  
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Recommendations 
 
The findings of this investigation should be shared with the OFN network through 
regular reporting mechanisms. Surveillance of gastroenteritis due to Salmonella 
Typhimurium subtypes should continue at the local, state and national level.  
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Salmonella Typhimurium 3-17-9-12-523 outbreak investigation 
Abstract 
Background 
Salmonella is a gram negative enteric bacterium which can cause acute 
gastrointestinal illness or enteric fever in humans. Infection with non-typhoidal 
Salmonella serovars causes acute gastrointestinal illness which can result in serious 
systemic illness and long-term sequelae such as irritable bowel syndrome, reactive 
arthritis and Guillian Barre syndrome.  
Approximately 72% of all Salmonella cases in Australia are transmitted through food 
and a large proportion (44%) can be attributed to Salmonella Typhimurium (STm). 
Eggs have been identified as the primary transmission vehicle of this Salmonella type 
in 60% of foodborne outbreaks where this pathogen is implicated. In May 2013, the 
HNE OFN team identified nine cases of Salmonella Typhimurium 3-17-9-12-523 who 
had consumed meals at the same bowling club bistro in the HNE region over a seven 
day period. 
Methods 
The outbreak occurred at a bowling club bistro situated within the premises of a 
licensed club. The HNE OFN team initiated an unmatched case-control study using 
restaurant booking lists and Salmonella laboratory notifications to recruit cases and 
controls. Cases were defined as a person who had symptoms of gastroenteritis within 
seven days of eating at the bowling club bistro and/or had Salmonella Typhimurium 
with the MLVA profile 3-17-9-12-523 detected in a clinical sample. Controls were 
defined as a person who ate at the bowling club bistro during the outbreak period and 
did not have illness within seven days of eating at the bowling club bistro. 
Cases and controls were interviewed by telephone using a questionnaire that was a 
modified version of a case-control questionnaire that had been used in a 2006 national 
foodborne outbreak investigation. The questionnaire contained questions on 
demographic information, details of clinical illness and details of food exposure.  
The demographic characteristics of cases and controls were described and compared. 
Univariate analysis was conducted to calculate the attack rate and crude odds ratio for 
each food item with the 95% confidence intervals and p-values with significance set at 
0.05. A multivariable logistic regression model was then constructed using all food 
items with a p-value<0.25 to calculate the adjusted odds ratio with 95% confidence 
intervals and p-values with significance set at 0.05.  
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A joint inspection of the premises was conducted by the NSWFA and HNE OFN. A 
trace-back investigation and sampling of the egg supplier was conducted by the 
NSWFA. 
Results 
A total of 16 cases and 54 controls were recruited. The median age of both cases and 
controls was approximately 35 years. The median incubation period from meal 
consumption to onset of illness was 48 hours and the median duration of illness was 
8.5 days. In univariate analysis, elevated odds ratios were detected for fried rice (OR-
2.24, 95% CI 0.3-18.4, p=0.16) and beef dishes (OR-2.02, 95% CI 0.6-7.4, p=0.21) 
however these findings were not statistically significant. In multivariable analysis, it was 
noted however, that egg was a common ingredient to both dishes. The eggs were 
traced back to a farm in the HNE region and eleven samples were positive for STm 3-
17-9-12-523. This was the only STm detected on the farm and was indistinguishable 
from the STm detected in the human isolates. 
 
Conclusion 
Egg was identified as a likely transmission vehicle in this cluster. Egg was identified as 
the common ingredient in the fried rice and beef dishes at the bowling club bistro. A 
trace back investigation of the eggs used at the bowling club bistro resulted in the 
identification of the same Salmonella outbreak strain on the egg farm that supplied the 
eggs to the bowling club bistro. This study highlights the ongoing issue of egg 
contamination. 
 
Salmonella Typhimurium 3-17-9-12-523 outbreak investigation 
Background 
Salmonella is a gram negative enteric bacteria which can cause acute gastrointestinal 
illness or enteric fever in humans.13 There are two species of Salmonella, Salmonella 
enterica and Salmonella bongori.13 Salmonella enterica is further subdivided into six 
subspecies which are subspecies I, II, IIIa, IV and VI.13 Salmonella enterica subspecies 
I is responsible for the majority of Salmonellosis in humans.13  
The six subspecies of Salmonella enterica are further subtyped by serovar.13 There are 
over 2000 serovars of Salmonella enterica known to humans.13 Advances in molecular 
technology have enabled some common serovars of Salmonella such as Salmonella 
Typhimurium to be differentiated through the process of MLVA, enabling the 
identification of many strains of these serovars.5 
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There are two main groups of Salmonella serovars, typhoidal and non-typhoidal.13 
Infection with non-typhoidal serovars causes acute gastrointestinal illness in 
humans.2,13 Infection usually results in a self-limiting gastrointestinal illness; however, it 
can occasionally cause more serious illness, including death in people who are 
immunocompromised.2 Salmonellosis can also lead to long-term sequelae such as 
reactive arthritis and irritable bowel syndrome which costs the Australian health care 
system approximately 18.4 million dollars a year.14,15 The annualised incidence of non-
typhoidal Salmonella in Australia is estimated to be 53.7 per 100,000 population.9 
Non-typhoidal Salmonella has many reservoirs including animals, food and water. Food 
is the most common transmission route in Australia, with approximately 72% of all non-
typhoidal cases in Australia acquired through the consumption of contaminated food.1 
A large proportion (44%) of all non-typhoidal Salmonella cases in Australia can be 
attributed to Salmonella Typhimurium.9  
At the current time, eggs are implicated as the primary transmission vehicle for the 
majority of Salmonella Typhimurium infections in Australia with 60% of foodborne 
outbreaks attributed to this Salmonella type associated with the consumption of eggs.9 
Investigation of these outbreaks enables public health practitioners to identify and 
remedy the source of the outbreak. Identification of the outbreak source gives public 
health practitioners a better understanding of how the outbreak occurred. It also 
enables public health practitioners to implement policies to prevent another outbreak 
occurring, protecting the community from illness and the costs associated with illness. 
In May, 2013, 33 cases of Salmonella Typhimurium with an MLVA pattern of 3-17-9-12-
523 were notified to the NSW Ministry of Health with collection dates between 
26/04/2013 and 15/05/2013. All cases were NSW residents. As the HNE OFN office 
assists the NSW Ministry of Health OFN office with cluster investigations, a cluster 
investigation was initiated by HNE OFN to determine the source of the cluster. In the 
cluster investigation, a total of twenty-six cases were interviewed (78.8%) and 
information on demographic characteristics, clinical symptoms and food consumption 
information was collected, collated and reviewed using a Hypothesis Generating 
Questionnaire and a trawling questionnaire.  
The results of the cluster investigation are described in part A of this chapter, egg was 
identified as a common ingredient in the Asian meals consumed by cluster cases. 
During the interview stage of the cluster investigation, HNE OzFoodNet staff identified 
nine cases from the HNE region who had consumed meals at the same bowling club 
bistro over a seven day period (Figure 3). These cases were termed outbreak cases 
and were distinct from the cluster cases who were residents in several regions of NSW 
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(Table 2). Therefore, an outbreak investigation was commenced concurrently with the 
cluster investigation. 
Figure 3: Number of first nine notified cases of STm 3-17-9-12-523, by onset date, 
associated with dining at a Bowling Club, April 2013 
 
Aim and Objectives of the Investigation 
The aim of the investigation was to determine if there was an association between 
illness and the consumption of particular food items from the bowling club bistro. 
The objectives of the investigation were to: 
 Identify the most likely source of illness in cases 
 Conduct a trace back investigation of implicated food items 
 Determine what factors associated with food preparation may have led to 
contamination of implicated food items 
Methods 
Setting 
This outbreak was associated with attendance at a bowling club that is located in a 
small suburb in a large metropolitan region. The bowling club is a licensed club that 
has a well-known bistro situated within it which is leased to an independent operator. 
The bowling club bistro seats approximately 100 people. Information on the exact 
number of people who are served each night wasn’t available at the time of the 
outbreak investigation; however the owner indicated that the bistro is full each night.  
The mainstay of the bowling club bistro menu is Asian cuisine and it also offers a 
limited Australian meal menu. There are 166 food items on the main menu (Appendix 
1). In addition to this menu the bistro offers banquets, lunch specials and one night a 
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week, an all you can eat menu. Some of the meals on the banquet, specials and all you 
can eat menus are the same as the main menu choices. The bistro offers a lunch and 
dinner service daily. 
Epidemiological Investigation 
HNE OzFoodNet initiated an unmatched case control study to determine the most likely 
source of illness in cases who had eaten at this premises. A questionnaire (Appendix 
3) was developed by the HNE OFN team that could be used for both cases and 
controls. The questionnaire was a modified version of a case control questionnaire that 
had been used in a 2006 national foodborne outbreak investigation in Australia and 
collected information on demographics, details of clinical illness and details of food 
exposure.7 
Case definition 
A probable case was defined as a person who had symptoms of diarrhoea and/or 
vomiting plus one or more symptoms of fever, nausea, abdominal pain, lethargy, 
headache, arthralgia and myalgia within seven days of eating at the bowling club bistro 
from 21/04/2013 to 27/04/2013. A confirmed case was defined as a probable case plus 
Salmonella Typhimurium with the MLVA profile 3-17-9-12-523 detected in a clinical 
sample.  
Cases were excluded from the case-control study if: 
 They could not be contacted after three attempts to contact them; or 
 They did not wish to participate; or 
 They were unable to recall the onset date of illness; or 
 A household member had gastrointestinal illness in the week preceding their 
onset of gastrointestinal illness 
 
Control definition 
Controls were defined as a person who ate at the bowling club bistro from 22/04/2013 
to 27/04/2013 and who did not have a gastrointestinal illness within seven days of 
eating at the bowling club bistro. Three unmatched controls were recruited for each 
case. We aimed for three controls per case as the initial number of cases identified in 
the cluster investigation (9) was small. To recruit controls we used two methods. First 
we were supplied with a hard copy of the bistro’s booking diary, which contained 
booking lists for each day including contact names and phone numbers for the person 
who had booked the reservation. These contacts in the booking diary were phoned to 
identify who they had attended the bowling club with. Second we phoned confirmed 
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cases and asked them to identify who they had attended the bowling club with. In both 
instances, people who had been to the bowling club during the same time period as the 
cases but who had not been ill were subsequently selected as controls. 
 
Analysis 
Analysis was conducted using Stata version 11, intercooled.8 The first stage of analysis 
was a descriptive analysis of cases, calculating proportions of demographic and clinical 
characteristics.  
The second stage of analysis was an analysis of the consumption of individual food 
items. Univariate analysis was conducted to compare the age and gender of cases and 
controls in addition to calculating the attack rate and crude odds ratio for individual food 
items with the 95% confidence intervals and p-values with significance set at 0.05. A 
multivariable logistic regression model was then constructed using individual food items 
with a p-value<0.25 to calculate the adjusted odds ratio with the 95% confidence 
intervals and p-values with significance set at 0.05.  
The third stage of the analysis was grouping individual food items and analysing these 
groups. Food items were grouped together by the main ingredient of the food item (i.e. 
chicken based dishes were grouped together, beef based dishes were grouped 
together and prawn based dishes were grouped together etc.). Univariate analysis was 
then conducted to calculate the attack rate and crude odds ratio for grouped food items 
with the 95% confidence intervals and p-values with significance set at 0.05. 
Stratification was conducted for food items with similar odds ratios. A multivariable 
logistic regression model was then constructed using individual food items from 
univariate analysis with a p-value<0.25 to calculate the adjusted odds ratio with the 
95% confidence intervals and p-values with significance set at 0.05.  
Environmental Investigation 
The NSWFA conducted an inspection of the bowling club bistro premises which 
included a food safety assessment (Appendix 5). The food safety assessment involved 
a review of food handling practices, temperature control, staff hygiene practices, staff 
illness and customer complaints in relation to gastrointestinal illness. Ten food samples 
were collected from the premises including raw chicken, pre-prepared rice (Figure 4) 
and eggs. In addition to this, swabs of food preparation areas, kitchen equipment and 
appliances were taken. Subsequently the NSWFA conducted a trace back investigation 
was conducted to identify the source of the eggs and the chicken.  
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Figure 4: Pre-prepared rice taken from the cool room of the bowling club bistro 
 
Photo: Rod McCarthy, NSWFA, May 2013 
An inspection of the egg farm that supplied the eggs to the bowling club was also 
conducted. Approximately 40 samples were taken from the farm including eggs, 
chicken faeces, chicken feed, boot swabs of the chicken shed floor and swabs of the 
egg sorting and packing area including the conveyor system, the egg sorting and 
packing machinery and other surfaces such as benches and handles (Figure 5). 
Figure 5: Internal view of the egg processing area inside the laying shed showing the egg 
conveying system 
 
Photo: Rod McCarthy, NSWFA, May 2013 
Ethics 
Outbreak investigations are covered under the legal framework of the Public Health 
Act, 2010. Therefore, additional ethical approval for this investigation was not required. 
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Laboratory Investigation 
 
Stool specimens were collected from individuals with gastroenteritis and were sent to 
local laboratories for microscopy, culture and sensitivity. Stool specimens that became 
culture positive for Salmonella species were sent to ICPMR in Sydney for serotyping 
and MLVA profiling. Information on serotyping and MLVA for these specimens was 
then provided to both the HNE and NSW OFN office. Environmental and food samples 
were sent to the NSW Forensic and Analytical Science Service for culture and 
polymerase chain reaction (PCR). Isolates were then sent to ICPMR for typing. 
 
Results 
Epidemiological Investigation 
 
A total of 16 cases and 54 controls were recruited (Table 7). There was little difference 
in the median age between cases (35yrs) and controls (34.5 years) and this was not 
significant in univariate analysis (OR 0.99 95% CI 0.97-1.02, p=0.5). Nine cases (56%) 
and twenty-four (44%) controls were male however these findings were not significant 
in univariate analysis (OR 1.61 95% CI 0.52-4.95, p=0.4). Fifteen cases resided in the 
Hunter New England region with one case residing in Western NSW. All controls 
resided in the HNE region. 
The cases consumed a wide variety of meals which were ordered from the main menu, 
the lunch specials menu or the banquet menu from 21 April 2013 to 27 April 2013. The 
cases did not order meals from the all you can eat menu.  
The onset of illness ranged from 23 April 2013 to 29 April 2013 (Figure 6). The most 
common symptoms reported were diarrhoea (15/16; 93.7%), fever (14/16; 87.5%) and 
abdominal pain (13/16; 81.3%). The median incubation period from meal consumption 
to onset of illness was 48 hours (range 22-64.5 hours) and the median duration of 
illness was 8.5 days (range 3-21 days). A total of 3/16 (18.7%) cases were 
hospitalised. No deaths were reported.  
Table 7: Demographic characteristics of cases and controls, STm 3-17-9-12-523 case-
control study, Hunter New England, 2013 
Demographics Cases (n=16) Controls (n=54) OR (95% CI) p-value 
Age     
Median age (yrs) 35 34.5 0.99 (0.97-1.02) 0.5 
Gender     
Male (% of total) 56 44 1.61 (0.52-4.95) 0.4 
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Figure 6: Number of probable and confirmed cases of STm 3-17-9-12-523, associated with 
eating at a Bowling Club in the Hunter New England region, by onset date, April 2013 
 
There were 166 individual food items on the menu, all of which were available over the 
outbreak period (Appendix 1). Univariate analysis was conducted on all individual food 
items (Appendix 2). In the first univariate analysis (Table 8) the $8 lunch special (OR 
6.0 95% CI 0.6-76.2, p=0.04), the spring rolls served with the $8 lunch special (OR 
12.23 95% CI 0.86-653.6, p=0.01) and the regular fried rice served with the $8 lunch 
special (OR 6.0 95% CI, 0.6-76.2 p=0.04) had elevated odds ratios and significant p-
values however the 95% CI for these menu items crossed one. When we determined 
the proportion of cases who had consumed these items, we calculated that each item 
had been consumed by 3/16 (18.75%) cases. In multivariable analysis there was no 
statistically significant association between the lunch items and illness. 
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Table 8: Association between individual food items consumed at a bowling club bistro 
and STm 3-17-9-12-523 infection, Hunter New England, 2013 
Cases Controls Measure of association 
Exposure Total Exposed AR*% Total Exposed AR*% OR*(95% CI*) p-value 
Springroll 16 3 18.75 54 1 1.85 12.2 (0.86-653.60) 0.01 
Lunch special 16 3 18.75 54 2 3.70 6.0 (0.60-76.15) 0.04 
Lunch rice 16 3 18.75 54 2 3.70 6.0 (0.60-76.15) 0.04 
Soup 16 2 12.50 54 1 1.85 7.6 (0.36-454.77) 0.06 
Mini spring rolls 16 4 25.00 54 5 9.26 3.3 (0.55-17.56) 0.10 
Dim Sims 16 4 25.00 54 2 3.70 0.64(0.30-1.40) 0.34 
King Prawn in garlic 
chilli sauce 
16 3 18.75 54 5 9.26 2.17(1.20-3.90) 0.10 
Rice dish (y/n) 16 6 37.50 54 28 51.85 0.56 (0.15-1.99) 0.31 
Peking steak 16 2 12.50 54 3 5.56 2.43 (0.18-23.10) 0.34 
Dessert (y/n) 16 2 12.50 54 3 5.56 2.43 (0.18-23.10) 0.34 
Coffee 16 1 6.25 54 1 1.85 3.53 (0.04-282.44) 0.35 
Deep fried chicken 
with mango sauce 
16 1 6.25 54 1 1.85 3.53 (0.04-282.44) 0.35 
Dianne sauce 16 1 6.25 54 1 1.85 3.53 (0.04-282.44) 0.35 
Spring roll ($10 lunch 
special) 
16 1 6.25 54 1 1.85 3.53 (0.04-282.44) 0.35 
Peking steak ($10 
lunch special) 
16 1 6.25 54 1 1.85 3.53 (0.04-282.44) 0.35 
Combination cashew 
nut 
16 2 12.50 53 3 5.66 2.38 (0.18-22.67) 0.35 
King Prawn dish (y/n) 16 3 18.75 54 6 11.11 1.85 (0.26-10.10) 0.42 
Beef dish (y/n) 16 4 25.00 54 9 16.67 1.67 (0.32-7.33) 0.45 
Family banquet 16 1 6.25 54 7 12.96 0.45 (0.01-4.01) 0.46 
Special fried rice 16 1 6.25 54 7 12.96 0.45 (0.01-4.01) 0.46 
Banquet Dessert  16 1 6.25 54 7 12.96 0.45 (0.01-4.01) 0.46 
Fillet steak dish (y/n) 16 2 12.50 54 4 7.41 1.79 (0.15-13.90) 0.52 
Sesame prawn toast 16 2 12.50 54 4 7.41 1.79 (0.15-13.90) 0.52 
Fillet steak Chinese 16 2 12.50 54 4 7.41 1.79 (0.15-13.90) 0.52 
Beef in garlic sauce 16 2 12.50 54 4 7.41 1.79 (0.15-13.90) 0.52 
Crispy chicken in 
tangy Peking sauce 
16 2 12.50 53 4 7.55 1.75 (0.14-13.63) 0.54 
Mongolian steak 16 2 12.50 53 4 7.55 1.75 (0.14-13.63) 0.54 
Drinks 16 13 81.25 54 40 74.07 1.52 (0.34-9.46) 0.56 
Chicken dish (y/n) 16 3 18.75 54 14 25.93 0.66 (0.11-2.95) 0.56 
Mixed entree 16 1 6.25 54 6 11.11 0.53 (0.01-5.01) 0.57 
Lemon chicken 16 1 6.25 54 6 11.11 0.53 (0.01-5.01) 0.57 
Soft Drink 16 9 56.25 54 26 48.15 1.38 (0.39-5.05) 0.57 
Honey king prawns 16 1 6.25 54 6 11.11 0.53 (0.01-5.01) 0.57 
Mongolian beef 16 1 6.25 54 6 11.11 0.53 (0.01-5.01) 0.57 
Water jug on table 16 1 6.25 54 2 3.70 1.73 (0.03-35.17) 0.65 
Scotch fillet steak 16 1 6.25 54 2 3.70 1.73 (0.03-35.17) 0.65 
Entrée (y/n) 16 4 25.00 54 11 20.37 1.30 (0.26-5.50) 0.70 
Chicken with cashew 
nut 
16 2 12.50 54 5 9.26 1.40 (0.12-9.69) 0.70 
Deluxe banquet 16 2 12.50 54 5 9.26 1.40 (0.12-9.69) 0.70 
Special fried rice 16 2 12.50 54 5 9.26 1.40 (0.12-9.69) 0.70 
Honey chicken 16 2 12.50 54 5 9.26 1.40 (0.12-9.69) 0.70 
Combination chicken 16 1 6.25 54 5 9.26 0.65 (0.01-6.57) 0.71 
Beer 16 2 12.50 54 8 14.81 0.82 (0.08-4.85) 0.82 
Australian dish (y/n) 16 2 12.50 54 8 14.81 0.82 (0.08-4.85) 0.82 
Salt and pepper prawn 16 1 6.25 53 4 7.55 0.82 (0.02-9.15) 0.87 
Mixed seafood 16 1 6.25 53 4 7.55 0.82 (0.02-9.15) 0.87 
Satay chicken 16 1 6.25 54 4 7.41 0.83 (0.02-9.33) 0.88 
Mongolian beef 16 1 6.25 54 3 5.56 1.13 (0.02-15.32) 0.92 
Regular fried rice 16 6 37.50 54 20 37.04 1.02 (0.26-3.68) 0.97 
Footnote: *AR-Attack rate, OR-Odds Ratio, CI-Confidence Interval 
 
The individual food items were incorporated into larger groups based on the elevated 
odds ratios of food items in the first univariate analysis and the main ingredient in the 
individual food item such as beef, chicken, prawns and rice (Table 9).This produced a 
total of 6 food groupings as per Table 9.  
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Table 9: Association between grouped food items consumed at a bowling club bistro and 
STm 3-17-9-12-523 infection, Hunter New England, 2013 
 Cases (n=16) Controls (n=54) OR 95% CI p- 
value Food Item n % n % 
Any rice 14 87.5 43/54 79 1.79 0.3-18.4 0.47 
Regular fried rice 10 62.5 23/54 42.5 2.24 0.6-8.6 0.16 
Any Chicken meal 9 56 35/54 65 0.69 0.2-2.6 0.53 
Any beef meal 9 56 21/54 38 2.02 0.6-7.4 0.21 
Any prawn meal 6 37.5 17/54 31 1.3 0.3-4.7 0.65 
Any spring rolls 8 50 15/54 27 2.6 0.7-9.5 0.09 
 
In this analysis, the odds of a case consuming the regular fried rice (OR-2.24, 95% CI 
0.3-18.4, p=0.16), beef dishes (OR-2.02, 95% CI 0.6-7.4, p=0.21) and spring rolls (OR 
2.6, 95% CI 0.7-9.5, p=0.09) were elevated when compared to controls; however these 
results were not statistically significant. The only grouped food items with a p-value of 
<0.25 after univariate analysis were the regular fried rice and beef dishes (Table 9).  
 
Stratification of the beef dishes and regular fried rice was conducted to adjust for 
possible confounding prior to multivariable analysis (Table 10).  There was no 
statistically significant association with illness for either of the two food items after 
stratification.  
Table 10: Association between food items consumed at a bowling club bistro and STm 3-
17-9-12-523 infection, stratification analysis, Hunter New England, 2013 
Regular Fried Rice adjusted for: Odds ratio 95 % CI p-value 
Beef dishes 6.4 0.6-310.1 0.07 
Beef Dishes adjusted for:    
Regular Fried rice 6.1 0.5-303.6 0.08 
 
Multivariable analysis was then conducted on these food items (Table 11).  
Table 11: Association between food items consumed at a bowling club bistro and STm 3-
17-9-12-523 infection, multivariable analysis, case-control study, Hunter New England, 
2013 
Food Item Odds ratio 95% CI p-value 
Regular fried rice 2.8 0.8-9.2 0.1 
Beef dishes 2.5 0.8-8.3 0.1 
 
It was noted that egg was a common ingredient to both the regular fried rice and beef 
dishes. It was also noted that the cases consumed meals at the bowling club bistro 
over a one week period from Monday to Sunday, suggesting ongoing contamination for 
this period of time. During the investigation, the NSWFA identified that eggs were 
supplied on a weekly basis on a Monday. 
Environmental Investigation 
The NSWFA Officer identified a number of issues during the inspection of the bowling 
club premises (Appendix 5). These included cross contamination during food 
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preparation and processing, improper food storage, unclean food storage areas, 
inadequate hand hygiene facilities and structural problems such as uneven floors that 
encouraged water to pool. The owner of the premises admitted that he had received 
complaints of gastrointestinal illness from a group of people who had eaten at the 
bowling club around the time of the outbreak, but could not provide contact details for 
that group.  
The owner also informed the NSWFA Officer that the premises had been inspected by 
the local council approximately one week prior to the outbreak. At that time the local 
council advised the owner to dispose of cracked and broken crockery and to cease the 
use of bamboo vessels which had been used for food preparation. The council also 
advised the bowling club bistro to use a different cleaning agent for the food 
preparation and storage areas. 
The restaurant owner was given a verbal warning and served with an improvement 
notice, which stated that the restaurant had to rectify problems identified during the 
inspection.  
The inspection of the farm determined that the farm was, in general, a clean modern 
facility with appropriate policies and procedures in place. The farm has a HNE 
distribution chain in addition to a state-wide distribution chain. An improvement notice 
was issued to the owners of the farm for cleaning of the egg processing section of the 
farm. 
Laboratory Investigation 
Stool specimens were only collected for the nine confirmed cases identified in the 
cluster investigation as the probable cases identified in this study had recovered from 
their illness at the time of interview. A total of 10 samples were taken from the bowling 
club bistro. One sample of raw chicken collected from the bowling club bistro tested 
positive for Salmonella Sophia.  
A total of 40 samples were taken from the farm. Of the 40 samples taken at the farm, 
21 samples were positive for Salmonella species, including chicken feed samples 
taken from the silos located next to the laying shed (Figure 7). Eleven samples were 
positive for STm 3-17-9-12-523, including boot swabs taken from the floor of the laying 
shed (Figure 8), chicken faeces and a swab taken from the rollers of the egg conveying 
system (Figure 5). This was the only STm detected on the farm and the isolates were 
indistinguishable from human STm isolates obtained from outbreak cases. 
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Figure 7: External view of the laying shed showing the chicken feed silos 
 
Photo: Rod McCarthy, NSWFA, May 2013 
Figure 8: Internal view of the laying shed showing the floor of the laying area of the 
laying shed 
 
Photo: Rod McCarthy, NSWFA, May 2013 
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Discussion 
Eggs were identified as the most likely transmission vehicle in this investigation. This is 
consistent with current evidence which suggests that over 60% of foodborne outbreaks 
associated with Salmonella Typhimurium in Australia are attributable to eggs.9  
 
It was noted during this investigation that both the beef and rice dishes contained egg. 
A single transmission vehicle was still unable to be identified after stratification and 
multivariable analysis was conducted for these two food items, suggesting either 
confounding or the possible contamination of both dishes. Egg is a high risk food for 
Salmonella and the OzFoodNet network of Australia has demonstrated that that the 
use of raw or minimally cooked eggs is a primary source of Salmonella outbreaks in 
Australia.9 Therefore, contamination of both dishes from one batch of eggs was a 
plausible scenario as described in other clusters.9 
 
The regular fried rice was cooked in very large quantities with pooled raw shell egg 
used at the last cooking step. The use of pooled raw shell egg increases the risk of an 
egg related outbreak. Poor practices associated with the preparation and storage of the 
raw shell egg product also increase the risk of an outbreak from this product.16 
 
The recommended cooking temperature for egg based dishes is 1600Farenheit (71.1 
0Celcius).17 The New South Wales Food Authority (NSWFA) recommends that food is 
cooked in small quantities in order for the food to reach these temperatures.18 In this 
case, it is possible that the temperature of the fried rice containing the egg may not 
have reached the required temperatures to cook the egg adequately as large volumes 
of fried rice were being cooked in the wok. 
 
Egg containing foods have been identified as potentially hazardous food items by Food 
Standards Australia New Zealand (FSANZ).19 After the regular fried rice was cooked it 
was placed into a bain-marie for some hours. There is a possibility that temperature 
abuse of the fried rice may have occurred if the temperature of the bain-marie was 
inadequate or mal-functioning. The bain-marie was in working order during the 
inspection of the premises; however correct use and functioning of the bain-marie 
during the outbreak period could not be verified.  
 
One of the beef dishes was a mixed grill that had a grilled runny egg with it. Cooking 
eggs using the grilling method has been demonstrated to be one of the least effective 
methods in eliminating Salmonella from contaminated eggs.20 For both the rice and 
beef dishes incomplete cooking of the egg and the subsequent inadequate temperature 
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maintenance of those food items were two possible scenarios that may have led to the 
incomplete elimination of Salmonella from the food item and an environment that 
encouraged Salmonella growth. 
 
The detection of this novel pathogen at the egg farm has implications for the HNE 
region and the wider NSW state region in addition to the poultry food chain. The 
majority of cases occurred in the HNE region, indicating that a contaminated farm in 
the HNE region was the likely source of the cluster. This was confirmed by the trace-
back investigation. The scattering of cases across NSW indicated that the 
contaminated farm had a state-wide distribution chain. This was confirmed during the 
inspection.  
 
Two different breeds of chickens are used for chicken meat and layer hens (Craig 
Shadbolt, NSWFA, personal communication). The detection of this novel salmonella 
strain in two different breeds of chickens suggests that contamination of the chickens is 
occurring at higher level in the poultry food chain. One possibility is that pullets (day old 
chickens), which are supplied to the farms for raising as layers or meat chickens, are 
being cross-contaminated at the hatching facility. Another possibility is that the layer 
and meat chicken parent stock is contaminated at farm level. 
 
Despite identifying eggs as the most likely transmission vehicle in this investigation, a 
statistically significant association between illness and egg containing food items was 
not detected. There are several reasons why this may have occurred including that 
there was no association, or that the study was underpowered. The large numbers of 
dishes that were available for consumption compared to the numbers of cases and 
controls who were recruited to the study make it likely reduced the power of the study. 
It is also possible that overmatching occurred as the family and friend controls are likely 
to have been socialised in a way that leads them to make particular food choices, 
thereby reducing the ability to detect differences between the two groups. 
 
When investigating an outbreak where a common food ingredient such as egg is used, 
calculating odds ratios can be problematic. Egg was a common ingredient in many of 
the dishes that were available for consumption during the outbreak, so if cases were 
exposed to a number of contaminated dishes instead of one, then the ability to detect a 
statistically significant difference between cases and controls for one dish or food item 
is reduced. The same reasoning can be applied to cross-contamination in the 
preparation of food. The NSWFA inspection identified a number of opportunities for 
cross-contamination in the preparation of food at the bowling club bistro.  
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A number of sources of selection bias may have been present in this study due to the 
selection of cases and controls. The exact number of people who attended the bowling 
club bistro over the seven day outbreak period was unknown. The only record of diners 
that the bowling club kept during the outbreak period was a booking diary with contact 
names and numbers of the people that had made the booking.  
 
Cases and controls were recruited through laboratory notifications to the NSW Ministry 
of Health or through the bowling club booking list. There may have been systematic 
differences between these groups of people and the people who attended the bowling 
club bistro but who did not book or have a specimen collected which may have 
introduced confounding. 
 
The use of family and friend controls presents another potential source of selection 
bias in this study. Family and friend controls were selected for this study as this group 
of people were convenient to access, the most likely to participate in the study and 
were considered representative of the source population. The source population were 
the people who had consumed meals at the bowling club bistro from 21 April 2013 to 
27 April 2013.  
 
It’s possible that family and friends may have discussed their illness and food 
consumption prior to interview and decided amongst themselves what caused the 
illness or recruited people who were unwell. This may make family and friends who 
were ill more likely to report consumption of a particular food item or more likely to be 
unwell (friendly control bias21) which would affect the odds ratio by over-estimating the 
effect of the association.22 
 
Recall bias may have also been present in the study and affected the outcome. The 
interviews were conducted approximately four to five weeks after the exposure which 
made it difficult for some of the cases and controls to recall what they had eaten from 
the large number of menu items. This would have biased the odds ratio towards the 
null hypothesis as non-differential misclassification minimises the association between 
exposure and outcome, and biases the study towards the null hypothesis.22 
 
A number of strategies were used to minimise measurement bias in this study. A pre-
tested, standardised questionnaire was used in the study to interview cases and 
controls.23 Two people who were both trained in the use of the questionnaire conducted 
all of the interviews. The nine confirmed cases interviewed using the Hypothesis 
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Generating Questionnaire and trawling questionnaire were re-interviewed using the 
case control questionnaire. 
 
Conclusion 
 
Egg was identified as the likely source of Salmonella contamination in this 
investigation. Egg was identified as the common ingredient in the fried rice and beef 
dishes at the bowling club bistro and the Salmonella outbreak strain was identified on 
the egg farm which supplied the eggs to the bowling club bistro. There were many 
opportunities for the contamination of food at the bowling club bistro including cross-
contamination. In addition it is possible eggs were inadequately cooked and that the 
holding temperature of the food was not at the recommended temperature. This 
investigation highlights the risk associated with raw or minimally cooked eggs and the 
importance of following food safety guidelines in restaurants to ensure public safety.  
 
Recommendations 
 
A report of this outbreak was sent to the NSW Ministry of Health. A recommendation 
was made to explore the source of the STm 3-17-9-12-523 contamination on farm. The 
potential sources of contamination included surrounding farms, workers from other egg 
farms, contaminated feed and infected pullets. 
 
The pullets for the farm were sourced from company A. This is the same company that 
supplies pullets to the chicken meat producer that was implicated in the first cluster 
investigation of this pathogen in 2012. An additional recommendation was made to 
conduct a trace back investigation of the pullets. The NSWFA is currently exploring this 
action. 
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PART B 
Investigation into an outbreak of 
gastroenteritis associated with a 
wedding reception 
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Abstract 
Background 
 
In July 2013, the NSWFA notified HNE OFN of an outbreak of gastroenteritis 
associated with a wedding reception at a restaurant in the HNE region. Initial reports 
indicated that 35/94 (37%) wedding guests were reported to be unwell with symptoms 
of nausea, vomiting, diarrhoea, fever, headache, lethargy and myalgia/arthralgia 
approximately 24 hours following the wedding reception on 27 July 2013. The wedding 
guests had consumed a set menu of canapés, entrees, main meals and desserts at the 
reception.  
Methods 
A cohort study was initiated to identify a possible source of infection utilising an online 
survey. E-mail addresses were collected from the cohort and a link to the survey was 
sent to these wedding guests. Details on demographics, onset of illness, symptoms, 
contact with ill persons prior to the wedding, previous contact with members of the 
wedding party, use of the toilet facilities at the wedding and food and drink items 
consumed at the wedding were collected and collated from the survey responses.  
 
Univariate analysis was conducted using Stata version 11, intercooled.  The attack rate 
and relative risk with 95% confidence interval and p-value with significance set at 0.05 
was calculated for each food item. Local council officers conducted an inspection of the 
premises the same day the outbreak was reported to the NSWFA. Stool specimens 
were requested. 
 
Results 
 
A total of 16 cases were detected. The median age of cases was 33 years (range 0-
64). One household reported a single case of secondary transmission. Symptoms 
experienced by cases included nausea, vomiting, abdominal cramping, diarrhoea, 
myalgia, lethargy and headache. The median incubation period was 39 hours with a 
median duration of illness of 47 hours. In univariate analysis, a statistically significant 
association between illness and the consumption of bruschetta was detected with a 
relative risk of 2.2 (95% CI 1.15-4.20, p=0.04), however, only 7/12 (58.3%) cases had 
consumed the bruschetta. One clinical specimen tested positive for Norovirus GII.6 by 
real-time PCR. 
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Conclusion 
The clinical profile of cases and secondary transmission within a household is 
consistent with norovirus infection which was detected in a stool sample; however the 
route of transmission was unclear.  
Investigation into an outbreak of gastroenteritis associated with a wedding 
reception 
 
Background 
Norovirus is a highly infectious viral pathogen that causes acute gastroenteritis in 
humans.24 The illness is characterised by nausea, vomiting, abdominal cramping and 
diarrhoea, however other symptoms such as fever, headache and lethargy may also be 
present.24 Illness is usually self-limiting however, complications may occur in vulnerable 
populations.24 The median incubation period is approximately 32 hours (range 12-20) 
and the duration of illness is typically 24-48 hours (range 12-72 hours), however, 
symptoms can last longer in vulnerable populations such as the elderly and those who 
are immunocompromised.24 
Norovirus is the most common cause of acute gastroenteritis in community and 
institutional settings in Australia.25, 26 According to the latest estimates, the annual 
median number of gastroenteritis cases in Australia attributed to norovirus is over 1.5 
million.1 The main routes of transmission are person to person and via food. 
Approximately 18% of the estimated norovirus cases which occur in Australia each 
year are foodborne.1 This results in approximately 150 hospitalisations and one death 
annually.1 
In July 2013, the NSWFA notified HNE OFN of an outbreak of gastroenteritis 
associated with a wedding reception. The wedding reception was held at a restaurant 
in the HNE region. The wedding guests had consumed a set menu of canapés, 
entrees, main meals and desserts.  
Initial reports to the NSWFA from one of the wedding guests indicated that 35 guests 
out of  a total of 94 (37%) were reported to be unwell with symptoms of nausea, 
vomiting, diarrhoea, fever, headache, lethargy and myalgia/arthralgia approximately 24 
hours following the wedding reception. The wedding guest who had made the 
complaint was contacted and subsequently confirmed that 30/94 (32%) of people had 
become unwell with symptoms of gastroenteritis following the wedding. 
An outbreak investigation was immediately initiated by the HNE OFN team. 
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Aim and Objectives of the Investigation 
The aim of the investigation was to determine if there was an association between 
gastrointestinal illness and the consumption of particular food items at the wedding. 
The objectives of the investigation were to: 
 Identify the most likely source of illness;  
 Conduct a trace back investigation of implicated food items; 
 Determine what factors associated with food preparation may have led to 
contamination of implicated food items; 
 Inform strategies to reduce disease transmission at future events. 
Methods 
Epidemiological Investigation 
Cohort study 
A total of 94 wedding guests attended the wedding reception in a restaurant that was 
situated within the grounds of a winery in rural NSW. The wedding guests were 
provided with canapés, an entrée, a main meal and a dessert during the wedding 
reception. All of the canapés were available to the wedding guests for consumption, 
including a vegetarian option. There was also a vegetarian option for the entrée and 
the main meal. If the vegetarian option wasn’t selected for the entrée or the main meal, 
the wedding guests received an alternative serve of each dish. Alternative serves of 
two desserts were also provided to the wedding guests. In addition to the desserts, 
wedding cake was made available to all wedding guests. A variety of alcoholic and 
non-alcoholic drinks were also provided to wedding guests. 
 A cohort study was initiated to identify a possible source of infection. An online survey 
utilising Select Survey© was created (Appendix 3). Eleven e-mail addresses were 
collected from the complainant and a link to the survey was sent to these people on 2 
August 2013. Details on demographic characteristics, date of illness onset, symptoms, 
contact with ill persons prior to the wedding, previous contact with members of the 
wedding party, use of the toilet facilities at the wedding and food and drink exposures 
at the wedding based on the menu provided to HNE OFN were collected.  
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Analysis 
Microsoft Excel and Stata version 11, intercooled, were used for analysis.8 Survey 
responses were downloaded from Select Survey© directly into a Microsoft Excel 
spreadsheet. Frequency tables were constructed to describe the demographic 
characteristics and the clinical course of illness amongst members of the cohort. The 
attack rate and relative risk was calculated for each food and drink item with 95% 
confidence intervals (CI) and p-values with the significance level set at 0.05. 
Environmental Investigation 
Local council officers conducted an inspection of the premises the same day the 
outbreak was reported to the NSWFA in July 2013. In addition to a physical inspection 
of the premises, council officers interviewed the staff regarding food safety knowledge, 
food handling practices and history of gastrointestinal illness prior to the wedding 
reception. 
Laboratory Investigation 
One faecal sample from a wedding guest was sent to a private laboratory for 
microscopy, culture and sensitivities in addition to faecal antigen testing. After this 
testing had been completed the sample was sent to the University of NSW (UNSW) for 
norovirus PCR and genotyping as they are the only laboratory in NSW who are able to 
conduct Norovirus genotyping in addition to PCR. 
Ethics 
Outbreak investigations are covered under the legal framework of the NSW Public 
Health Act, 2010. Therefore, ethical approval was not required for this investigation. 
Results 
Epidemiological Investigation 
 
 
Through the eleven e-mail addresses collected from the complainant, information was 
available for 24/94 (25%) of the wedding guests. Some of the e-mail addresses were 
the main contact point for households containing couples and families who had 
attended the wedding and so survey responses were recorded not only for the owner of 
the e-mail address but also for members of their household too.  
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Demographic and Clinical Features of cases 
Of the 24 respondents, 16 cases were identified (66.7%) (Figure 9). The median age of 
the cases was 33 years (range 0-64 yrs) and the non-cases was 46.5 years (range 0-
63 yrs). There was a small difference in the proportion of females between cases (9/16, 
56.3%) and non-cases (5/8, 62.5%). One household reported a single case of 
secondary transmission (Figure 9). Symptom onset occurred from 27/07/2013 to 
30/07/2013 (Figure 9).  
Figure 9: Number of reported cases of gastroenteritis, by onset date, wedding event in 
Hunter New England, July, 2013 
 
Symptoms experienced by cases included nausea, vomiting, abdominal cramping, 
diarrhoea, myalgia, lethargy and headache (Table 12). The median incubation period 
was 39 hours (range 14-63 hours) with a median duration of 47 hours (range 5-96 
hours).  
Table 12: Number and proportion of wedding guests who experienced specific symptoms 
of gastroenteritis after attending a wedding reception, Hunter New England, 2013 
Symptoms Number (n) Proportion (% tot.) 
Nausea 15 94 
Vomiting 10 62 
Abdominal cramping 11 69 
Diarrhoea  11 69 
Myalgia 8 50 
Lethargy 15 94 
Headache 9 56 
 
Table 13 shows the relative risk between illness and consumption of food and drink 
items from the wedding. The attack rates were highest among those cases who had 
consumed bruschetta (100%), tartlet (100%), fritter (92%), trout (80%) and quiche 
(83%). When these proportions were compared to cases who had not consumed these 
food items, only the bruschetta was statistically significant. In univariate analysis, a 
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statistically significant association between illness and the consumption of bruschetta 
was detected with a relative risk of 2.2 (95% CI 1.15-4.20). 
Table 13: Association between food items consumed at a wedding reception and 
gastrointestinal illness, cohort study, Hunter New England, July 2013 
Exposed Unexposed Measure of association 
Exposure Total Ill AR*% Total Ill AR*% RR*(95% CI*) P-value 
Canapé         
Bruschetta 7 7 100 11 5 45 2.20(1.15-4.20) 0.04 
Fritter 12 11 92 5 2 40 2.29(0.77-6.80) 0.05 
Trout 10 8 80 7 2 29 2.80(0.83-9.40) 0.06 
Quiche 12 10 83 7 3 43 1.94(0.80-4.74) 0.13 
Chicken 14 10 71 7 3 43 1.66(0.66-4.17) 0.20 
Entree         
Tart 10 7 70 9 5 56 1.26(0.62-2.57) 0.65 
Pork 12 9 75 8 4 50 1.50(0.70-3.23) 0.36 
Tartlet 3 3 100 13 7 54 1.86(1.12-3.07) 0.25 
Main         
Beef 7 7 78 10 6 60 1.30(0.70-2.40) 0.63 
Chicken 10 6 60 10 6 60 1.00(0.49-2.05) 1.00 
Gnocchi 4 3 75 13 8 61 1.22(0.60-2.48) 1.00 
Dessert         
Cake 8 4 50 9 7 78 0.64(0.30-1.40) 0.34 
Banana 
pudding 
14 10 71 8 5 63 1.14(0.61-2.15) 1.00 
Choc 
pudding 
11 9 82 9 4 44 1.84(0.84-4.02) 0.16 
Drinks         
Jug water 18 12 67 2 1 50 1.33(0.32-5.54) 1.00 
Bar water 5 5 100 13 6 46 2.17(1.20-3.90) 0.10 
Soft drink 5 4 80 12 6 50 1.6(0.78-3.27) 0.34 
Red wine 6 5 83 11 5 45 1.83(0.87-3.84) 0.30 
Beer 7 5 71 10 5 50 1.43(0.66-3.11) 0.62 
Cocktail 0 0 - 16 9 56 - - 
*AR-Attack rate, RR-Risk Ratio, CI-confidence interval 
There were no reports of contact with ill persons prior to the wedding. Nor were there 
any reports or people with symptoms of a gastrointestinal illness at the wedding. Family 
members of both the bride and groom had attended pre-wedding events at two 
different venues the night prior to the wedding; however, not all of the cases had 
attended these events. 
Environmental Investigation 
The premises were inspected by the local council on 31/07/2013. No food safety issues 
or reports of gastrointestinal illness in staff were identified by the council officers. 
Laboratory Investigation 
One clinical specimen submitted by a wedding guest tested negative for Norovirus 
antigen but positive for Norovirus GII.6 by real-time PCR. 
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Discussion 
The clinical profile of the cases in this outbreak investigation was consistent with 
Norovirus infection. Norovirus was detected in a single stool sample; however, only one 
stool sample was collected during this investigation. The stool sample was negative for 
Norovirus by antigen testing, but positive on PCR. Norovirus can be detected in stool 
by PCR for up to 44.5 days post onset in older adults.26 It is possible that another 
gastrointestinal pathogen was the cause of the outbreak and the norovirus infection 
had occurred sometime prior to the wedding, however the case with norovirus detected 
in stool indicated that they had been previously well prior to the wedding.  
The bruschetta canapé was the only food implicated in this investigation (RR-2.2, 95% 
CI 1.15-4.20, p=0.04). The bruschetta was a hand-made food item so it is plausible that 
the food was contaminated by the hands of an infected food handler however the staff 
who catered for the event denied having any prior or current gastrointestinal illness. In 
addition to this, only 7/12 cases consumed the bruschetta so this food item doesn’t 
explain all of the cases. 
One possibility is that more than one food item was contaminated. Norovirus foodborne 
outbreaks documented by the OFN working group have demonstrated that, where 
evidence exists that norovirus transmission has occurred by food, more than one food 
item has been implicated.9 
Another possibility is that one or more food items were contaminated by wedding 
guests who had a gastrointestinal illness at the time of the wedding. As a large 
proportion of the cohort could not be interviewed this could not be verified. A report by 
the OFN working group of Australia found that the two main methods of norovirus 
transmission in food occurred not only by food handler contamination, but person to 
food to person transmission too, with this mode of transmission being more frequent 
than food handler contamination.9 
There were several limitations to this study. The on-line survey method was chosen as 
the majority of the cohort was young, aged between 20-40 years and it was presumed 
that this demographic would have readily available access to the internet. 
Unfortunately, it turned out that not everyone had their own e-mail account, and for 
those who did, not everyone wanted to participate. In addition, the person providing the 
e-mail addresses to HNE OFN didn’t have all the e-mail addresses readily available 
and was only able to collect e-mail addresses for a small proportion of the cohort. 
The online survey method is better suited to groups of people who use their e-mail on a 
regular basis and where the e-mail is readily accessible. Examples of outbreaks where 
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this has worked in the past are events among professional groups such as school 
principals.27 
The response rate using the select survey method in this investigation was poor, with 
information only being collected for a quarter of the wedding guests. A response rate of 
less than 50% is likely to weaken the internal validity of a study as it potentially 
introduces selection bias.28 
The poor response rate may have introduced selection bias into the study as there may 
have been some systematic differences between the bride and grooms family in terms 
of their socialisation, eating habits and food preferences which would impact on the 
foods consumed at the wedding. This would have had the greatest impact on the 
analysis of the canapés as there was a larger selection to choose from compared to 
the rest of the food items served at the wedding. The impact of socialisation, eating 
habits and food choices would have been lesser on the entrée, main and dessert meals 
as there were less food items available to choose from. 
There were some positive aspects to using the on-line Select Survey method. The 
survey itself was quick to develop. It only took a couple of hours to finalise the 
questionnaire in a presentable format. The survey creates a link for people to access 
the survey and this was easy to include in the e-mail and there were no problems with 
the link itself. The data were immediately available once the person had completed the 
questionnaire online and easy to extract from the database.  
Interestingly, another outbreak of gastroenteritis was reported in association with one 
of the pre-wedding event venues two weeks after this outbreak occurred. Without the 
information for the rest of the cohort it was difficult to ascertain if there were any 
wedding guests who were ill at the wedding reception and if the pre-wedding event 
venue mentioned above may have been the source of this illness. 
Based on the information available, it is unclear if the transmission of norovirus 
occurred through person to person contact or food. Both scenarios are plausible. 
Without the information from the rest of the cohort it is difficult to ascertain if anyone 
had a gastrointestinal illness before or at the wedding or had contact with someone 
who had a gastrointestinal illness before the wedding. It is also difficult to make any 
inferences about an implicated food item as the people who provided the information 
may not have been representative of the whole cohort.  
Conclusion 
The clinical profile of cases was consistent with norovirus infection which was detected 
in a stool sample; however the vehicle of transmission was unclear. It is plausible that 
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the bruschetta and a number of other hand-made canapés were contaminated by 
infected food handlers; however catering staff denied having gastrointestinal illness 
prior to the event. Due to a poor response rate, the HNE OFN team was unable to rule 
out person to person transmission in this investigation. 
Recommendations 
To prevent future outbreaks, hand hygiene and exclusion of staff for 48hours post 
gastrointestinal illness should be re-enforced with the caterers of this event. Education 
on preventing the transmission of norovirus should also be given to the cohort. The use 
of Select Survey© should be restricted to cohorts where the cohort has readily 
available access to e-mail and the e-mail addresses are readily available to the 
investigators.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
93 
 
 
 
PART C 
An outbreak of Norovirus Genotype 
II associated with NSW oysters 
 
 
The following paper describes an outbreak of norovirus associated with the 
consumption of oysters. A case-series investigation was undertaken in conjunction with 
a laboratory and environmental investigation. Together, the epidemiological, laboratory 
and environmental investigation identified the source of the outbreak and enabled the 
remediation of the source to prevent further illness in the community. The value of 
using polymerase chain reaction for the detection of norovirus in humans and oysters 
was also highlighted. 
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Appendix 1 
 
Bowling Club Bistro Menu 
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        v307    16     6   37.50     54    20    37.04   1.02 [0.26-3.68]    0.973
mongolianbee    16     1    6.25     54     3     5.56   1.13 [0.02-15.32]   0.916
        v213    16     1    6.25     54     4     7.41   0.83 [0.02-9.33]    0.875
mixedseafood    16     1    6.25     53     4     7.55   0.82 [0.02-9.15]    0.861
saltandpeppe    16     1    6.25     53     4     7.55   0.82 [0.02-9.15]    0.861
australiandi    16     2   12.50     54     8    14.81   0.82 [0.08-4.85]    0.816
        beer    16     2   12.50     54     8    14.81   0.82 [0.08-4.85]    0.816
combinationc    16     1    6.25     54     5     9.26   0.65 [0.01-6.57]    0.706
        v208    16     2   12.50     54     5     9.26   1.40 [0.12-9.69]    0.704
         v39    16     2   12.50     54     5     9.26   1.40 [0.12-9.69]    0.704
deluxebanque    16     2   12.50     54     5     9.26   1.40 [0.12-9.69]    0.704
        v200    16     2   12.50     54     5     9.26   1.40 [0.12-9.69]    0.704
       entre    16     4   25.00     54    11    20.37   1.30 [0.26-5.50]    0.692
scotchfillet    16     1    6.25     54     2     3.70   1.73 [0.03-35.17]   0.659
waterjugonta    16     1    6.25     54     2     3.70   1.73 [0.03-35.17]   0.659
         v65    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
kingprawning    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
combinationw    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
saucecreamym    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v272    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v216    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
combinationc    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v218    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
garlicchilli    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v221    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
cheescakewit    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
sausagerolla    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
    icecream    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v306    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v175    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
seafoodbaske    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
curryservedw    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
        v190    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
tartaresauce    16     0    0.00     54     1     1.85   0.00 [0.00-.]       0.584
mongolianbee    16     1    6.25     54     6    11.11   0.53 [0.01-5.01]    0.569
honeykingpra    16     1    6.25     54     6    11.11   0.53 [0.01-5.01]    0.569
   softdrink    16     9   56.25     54    26    48.15   1.38 [0.39-5.05]    0.569
lemonchicken    16     1    6.25     54     6    11.11   0.53 [0.01-5.01]    0.569
  mixedentre    16     1    6.25     54     6    11.11   0.53 [0.01-5.01]    0.569
chickendishe    16     3   18.75     54    14    25.93   0.66 [0.11-2.95]    0.557
      drinks    16    13   81.25     54    40    74.07   1.52 [0.34-9.46]    0.557
mongolianste    16     2   12.50     53     4     7.55   1.75 [0.14-13.63]   0.538
crispychicke    16     2   12.50     53     4     7.55   1.75 [0.14-13.63]   0.538
beefingarlic    16     2   12.50     54     4     7.41   1.79 [0.15-13.90]   0.523
        v243    16     2   12.50     54     4     7.41   1.79 [0.15-13.90]   0.523
seasameprawn    16     2   12.50     54     4     7.41   1.79 [0.15-13.90]   0.523
filletsteakd    16     2   12.50     54     4     7.41   1.79 [0.15-13.90]   0.523
     dessert    16     1    6.25     54     7    12.96   0.45 [0.01-4.01]    0.459
specialfried    16     1    6.25     54     7    12.96   0.45 [0.01-4.01]    0.459
     fam_ban    16     1    6.25     54     7    12.96   0.45 [0.01-4.01]    0.459
  beefdishes    16     4   25.00     54     9    16.67   1.67 [0.32-7.33]    0.452
combinationd    16     0    0.00     54     2     3.70   0.00 [0.00-6.70]    0.435
chickennugge    16     0    0.00     54     2     3.70   0.00 [0.00-6.70]    0.435
mudcakewithi    16     0    0.00     54     2     3.70   0.00 [0.00-6.70]    0.435
  vegetables    16     0    0.00     54     2     3.70   0.00 [0.00-6.70]    0.435
        v198    16     0    0.00     54     2     3.70   0.00 [0.00-6.70]    0.435
kingprawndis    16     3   18.75     54     6    11.11   1.85 [0.26-10.10]   0.423
         v38    16     2   12.50     53     3     5.66   2.38 [0.18-22.67]   0.355
         v87    16     1    6.25     54     1     1.85   3.53 [0.04-282.44]  0.354
         v85    16     1    6.25     54     1     1.85   3.53 [0.04-282.44]  0.354
 saucedianne    16     1    6.25     54     1     1.85   3.53 [0.04-282.44]  0.354
deepfriedchi    16     1    6.25     54     1     1.85   3.53 [0.04-282.44]  0.354
      coffee    16     1    6.25     54     1     1.85   3.53 [0.04-282.44]  0.354
         v40    16     2   12.50     54     3     5.56   2.43 [0.18-23.10]   0.343
        v228    16     2   12.50     54     3     5.56   2.43 [0.18-23.10]   0.343
  porkdishes    16     0    0.00     54     3     5.56   0.00 [0.00-4.40]    0.335
prawncocktai    16     0    0.00     54     3     5.56   0.00 [0.00-4.40]    0.335
mixedentresp    16     0    0.00     54     3     5.56   0.00 [0.00-4.40]    0.335
        v246    16     0    0.00     54     3     5.56   0.00 [0.00-4.40]    0.335
childrenmeal    16     0    0.00     54     3     5.56   0.00 [0.00-4.40]    0.335
  ricedishes    16     6   37.50     54    28    51.85   0.56 [0.15-1.99]    0.313
kingprawning    16     3   18.75     54     5     9.26   2.26 [0.31-13.32]   0.295
       gravy    16     0    0.00     54     4     7.41   0.00 [0.00-3.24]    0.262
      extras    16     0    0.00     54     4     7.41   0.00 [0.00-3.24]    0.262
    desserts    16     0    0.00     54     4     7.41   0.00 [0.00-3.24]    0.262
chickenschni    16     0    0.00     54     5     9.26   0.00 [0.00-2.53]    0.207
     dimsims    16     2   12.50     54     2     3.70   3.71 [0.24-54.20]   0.183
       chips    16     0    0.00     54     6    11.11   0.00 [0.00-2.06]    0.163
housespecial    16     0    0.00     54     7    12.96   0.00 [0.00-1.72]    0.129
minispringro    16     4   25.00     54     5     9.26   3.27 [0.55-17.56]   0.099
        soup    16     2   12.50     54     1     1.85   7.57 [0.36-454.77]  0.065
chowmeinpraw    16     1    6.25     54     0     0.00      . [0.00-.]       0.064
         tea    16     1    6.25     54     0     0.00      . [0.00-.]       0.064
  mixedgrill    16     1    6.25     54     0     0.00      . [0.00-.]       0.064
        milk    16     1    6.25     54     0     0.00      . [0.00-.]       0.064
        v233    16     1    6.25     54     0     0.00      . [0.00-.]       0.064
        rice    16     3   18.75     54     2     3.70   6.00 [0.60-76.15]   0.040
         v52    16     3   18.75     54     2     3.70   6.00 [0.60-76.15]   0.040
  springroll    16     3   18.75     54     1     1.85  12.23 [0.86-653.60]  0.011
crabandsweet    16     2   12.50     54     0     0.00      . [1.86-.]       0.008
mongolianchi    16     2   12.50     54     0     0.00      . [1.86-.]       0.008
                                                                                  
    Exposure Total Exposed   %    Total Exposed    %     Odds Ratio            p
                                                                                  
                     Cases              Controls
. cctable case_cont fam_ban-milk
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         v96    16     0    0.00     54     0     0.00      . [.-.]              .
bananafritte    16     0    0.00     54     0     0.00      . [.-.]              .
   whitewine    16     0    0.00     54     0     0.00      . [.-.]              .
chickeninplu    16     0    0.00     54     0     0.00      . [.-.]              .
stirfryudowi    16     0    0.00     54     0     0.00      . [.-.]              .
prawnomlette    16     0    0.00     54     0     0.00      . [.-.]              .
fishandchips    16     0    0.00     54     0     0.00      . [.-.]              .
kingtaoporkr    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedduc    16     0    0.00     54     0     0.00      . [.-.]              .
  chillibeef    16     0    0.00     54     0     0.00      . [.-.]              .
   ifyestype    16     0    0.00     54     0     0.00      . [.-.]              .
chickenandsw    16     0    0.00     54     0     0.00      . [.-.]              .
        v224    16     0    0.00     54     0     0.00      . [.-.]              .
sausagesandc    16     0    0.00     54     0     0.00      . [.-.]              .
        v204    16     0    0.00     54     0     0.00      . [.-.]              .
        v119    16     0    0.00     54     0     0.00      . [.-.]              .
saltandpeppe    16     0    0.00     54     0     0.00      . [.-.]              .
  tomyumbeef    16     0    0.00     54     0     0.00      . [.-.]              .
bonelesslemo    16     0    0.00     54     0     0.00      . [.-.]              .
garlicchicke    16     0    0.00     54     0     0.00      . [.-.]              .
oystersnatur    16     0    0.00     54     0     0.00      . [.-.]              .
         v88    16     0    0.00     54     0     0.00      . [.-.]              .
singaporechi    16     0    0.00     54     0     0.00      . [.-.]              .
sweetandsour    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawnoml    16     0    0.00     54     0     0.00      . [.-.]              .
saucescallop    16     0    0.00     54     0     0.00      . [.-.]              .
  tbonesteak    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
szechuanchic    16     0    0.00     54     0     0.00      . [.-.]              .
penangfriedk    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumdrymea    16     0    0.00     54     0     0.00      . [.-.]              .
     spirits    16     0    0.00     54     0     0.00      . [.-.]              .
laksaseafood    16     0    0.00     54     0     0.00      . [.-.]              .
        v400    16     0    0.00     54     0     0.00      . [.-.]              .
 seafoodsoup    16     0    0.00     54     0     0.00      . [.-.]              .
stirfriedudo    16     0    0.00     54     0     0.00      . [.-.]              .
chickenchowm    16     0    0.00     54     0     0.00      . [.-.]              .
ifyesdiditha    16     0    0.00     54     0     0.00      . [.-.]              .
thaisweetchi    16     0    0.00     54     0     0.00      . [.-.]              .
chickenscall    16     0    0.00     54     0     0.00      . [.-.]              .
crumbedfishf    16     0    0.00     54     0     0.00      . [.-.]              .
   friedrice    16     0    0.00     54     0     0.00      . [.-.]              .
thaisweetchi    16     0    0.00     54     0     0.00      . [.-.]              .
stirfryudowi    16     0    0.00     54     0     0.00      . [.-.]              .
filletsteakc    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawnink    16     0    0.00     54     0     0.00      . [.-.]              .
    hamsteak    16     0    0.00     54     0     0.00      . [.-.]              .
sausageswith    16     0    0.00     54     0     0.00      . [.-.]              .
        v357    16     0    0.00     54     0     0.00      . [.-.]              .
   sataybeef    16     0    0.00     54     0     0.00      . [.-.]              .
rissoleswith    16     0    0.00     54     0     0.00      . [.-.]              .
fishcocktail    16     0    0.00     54     0     0.00      . [.-.]              .
vegetarianga    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumdrymea    16     0    0.00     54     0     0.00      . [.-.]              .
vegetableoml    16     0    0.00     54     0     0.00      . [.-.]              .
chinesedishe    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumglassn    16     0    0.00     54     0     0.00      . [.-.]              .
 lambcutlets    16     0    0.00     54     0     0.00      . [.-.]              .
blackbeanchi    16     0    0.00     54     0     0.00      . [.-.]              .
chickeninoys    16     0    0.00     54     0     0.00      . [.-.]              .
honeypepperc    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
chickenomlet    16     0    0.00     54     0     0.00      . [.-.]              .
porkribinspe    16     0    0.00     54     0     0.00      . [.-.]              .
combinationw    16     0    0.00     54     0     0.00      . [.-.]              .
   shortsoup    16     0    0.00     54     0     0.00      . [.-.]              .
 curryprawns    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
sweetandsour    16     0    0.00     54     0     0.00      . [.-.]              .
supremebanqu    16     0    0.00     54     0     0.00      . [.-.]              .
padthaichick    16     0    0.00     53     0     0.00      . [.-.]              .
thaifishcake    16     0    0.00     54     0     0.00      . [.-.]              .
        v113    16     0    0.00     54     0     0.00      . [.-.]              .
saltandpeppe    16     0    0.00     54     0     0.00      . [.-.]              .
seafooddishe    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumglassn    16     0    0.00     54     0     0.00      . [.-.]              .
thaigreencur    16     0    0.00     54     0     0.00      . [.-.]              .
penanghorfun    16     0    0.00     54     0     0.00      . [.-.]              .
   fishsalad    16     0    0.00     54     0     0.00      . [.-.]              .
porkribinsin    16     0    0.00     54     0     0.00      . [.-.]              .
malaysiancur    16     0    0.00     54     0     0.00      . [.-.]              .
porkribinsat    16     0    0.00     54     0     0.00      . [.-.]              .
plainomlette    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeinchic    16     0    0.00     54     0     0.00      . [.-.]              .
 saucepepper    16     0    0.00     54     0     0.00      . [.-.]              .
currykingpra    16     0    0.00     54     0     0.00      . [.-.]              .
         v42    16     0    0.00     54     0     0.00      . [.-.]              .
honeychicken    16     0    0.00     54     0     0.00      . [.-.]              .
crabmeatseaf    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeinbeef    16     0    0.00     54     0     0.00      . [.-.]              .
specialomlet    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawninb    16     0    0.00     54     0     0.00      . [.-.]              .
mongoliancom    16     0    0.00     54     0     0.00      . [.-.]              .
vegetablewit    16     0    0.00     54     0     0.00      . [.-.]              .
bbqporkwithp    16     0    0.00     54     0     0.00      . [.-.]              .
prawnchowmei    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawnwit    16     0    0.00     54     0     0.00      . [.-.]              .
satayfriedke    16     0    0.00     54     0     0.00      . [.-.]              .
     redwine    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumdrymea    16     0    0.00     54     0     0.00      . [.-.]              .
filletsteakw    16     0    0.00     54     0     0.00      . [.-.]              .
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        v131    16     0    0.00     54     0     0.00      . [.-.]              .
chinesepeppe    16     0    0.00     54     0     0.00      . [.-.]              .
porkribintan    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodpuffs    16     0    0.00     54     0     0.00      . [.-.]              .
mongolianchi    16     0    0.00     54     0     0.00      . [.-.]              .
panfriedking    16     0    0.00     54     0     0.00      . [.-.]              .
singaporenoo    16     0    0.00     54     0     0.00      . [.-.]              .
  curryprawn    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
beefinoyster    16     0    0.00     54     0     0.00      . [.-.]              .
vegetariansw    16     0    0.00     54     0     0.00      . [.-.]              .
        v140    16     0    0.00     54     0     0.00      . [.-.]              .
chickenwiths    16     0    0.00     54     0     0.00      . [.-.]              .
minispringro    16     0    0.00     54     0     0.00      . [.-.]              .
    sausages    16     0    0.00     54     0     0.00      . [.-.]              .
 pekingsteak    16     0    0.00     54     0     0.00      . [.-.]              .
blackbeanbee    16     0    0.00     54     0     0.00      . [.-.]              .
crumbedcalam    16     0    0.00     54     0     0.00      . [.-.]              .
         v44    16     0    0.00     54     0     0.00      . [.-.]              .
        v203    16     0    0.00     54     0     0.00      . [.-.]              .
prawncutlets    16     0    0.00     54     0     0.00      . [.-.]              .
  nasigoreng    16     0    0.00     54     0     0.00      . [.-.]              .
malaysiandis    16     0    0.00     54     0     0.00      . [.-.]              .
hamsteakwith    16     0    0.00     54     0     0.00      . [.-.]              .
oystersaucev    16     0    0.00     54     0     0.00      . [.-.]              .
        v127    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
 padthaibeef    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
chickenwithc    16     0    0.00     54     0     0.00      . [.-.]              .
chickenandmu    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawncut    16     0    0.00     54     0     0.00      . [.-.]              .
vegetablesin    16     0    0.00     54     0     0.00      . [.-.]              .
szechuancomb    16     0    0.00     54     0     0.00      . [.-.]              .
allyoucaneat    16     0    0.00     54     0     0.00      . [.-.]              .
roastoftheda    16     0    0.00     54     0     0.00      . [.-.]              .
sataychicken    16     0    0.00     54     0     0.00      . [.-.]              .
satayfriedke    16     0    0.00     54     0     0.00      . [.-.]              .
beefpiewithc    16     0    0.00     54     0     0.00      . [.-.]              .
malaysiannoo    16     0    0.00     54     0     0.00      . [.-.]              .
   champagne    16     0    0.00     54     0     0.00      . [.-.]              .
  hamomlette    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedpin    16     0    0.00     54     0     0.00      . [.-.]              .
        v226    16     0    0.00     54     0     0.00      . [.-.]              .
        v144    16     0    0.00     54     0     0.00      . [.-.]              .
   meegoreng    16     0    0.00     54     0     0.00      . [.-.]              .
beefwithcash    16     0    0.00     54     0     0.00      . [.-.]              .
pekingchicke    16     0    0.00     54     0     0.00      . [.-.]              .
thaigrilledc    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedpra    16     0    0.00     54     0     0.00      . [.-.]              .
        v261    16     0    0.00     54     0     0.00      . [.-.]              .
honeychillic    16     0    0.00     54     0     0.00      . [.-.]              .
saltandpeppe    16     0    0.00     54     0     0.00      . [.-.]              .
vegetarianbl    16     0    0.00     54     0     0.00      . [.-.]              .
garlicchilli    16     0    0.00     54     0     0.00      . [.-.]              .
         v86    16     0    0.00     54     0     0.00      . [.-.]              .
meegorengmal    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
penangfriedk    16     0    0.00     54     0     0.00      . [.-.]              .
chillichicke    16     0    0.00     54     0     0.00      . [.-.]              .
thaigreencur    16     0    0.00     54     0     0.00      . [.-.]              .
beefinblackb    16     0    0.00     54     0     0.00      . [.-.]              .
sataycombina    16     0    0.00     54     0     0.00      . [.-.]              .
stirfryudowi    16     0    0.00     54     0     0.00      . [.-.]              .
        v209    16     0    0.00     54     0     0.00      . [.-.]              .
       laksa    16     0    0.00     54     0     0.00      . [.-.]              .
noodlesoupbe    16     0    0.00     54     0     0.00      . [.-.]              .
meegorengnoo    16     0    0.00     54     0     0.00      . [.-.]              .
         v50    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedbee    16     0    0.00     54     0     0.00      . [.-.]              .
gingergarlic    16     0    0.00     54     0     0.00      . [.-.]              .
noodlesoupch    16     0    0.00     54     0     0.00      . [.-.]              .
    hotchips    16     0    0.00     54     0     0.00      . [.-.]              .
beefchowmein    16     0    0.00     54     0     0.00      . [.-.]              .
         v93    16     0    0.00     54     0     0.00      . [.-.]              .
panfriedgarl    16     0    0.00     54     0     0.00      . [.-.]              .
vegetarianch    16     0    0.00     54     0     0.00      . [.-.]              .
noodlesoupbb    16     0    0.00     54     0     0.00      . [.-.]              .
thaigreencur    16     0    0.00     54     0     0.00      . [.-.]              .
garlicchilli    16     0    0.00     54     0     0.00      . [.-.]              .
satayfriedke    16     0    0.00     54     0     0.00      . [.-.]              .
singaporeric    16     0    0.00     54     0     0.00      . [.-.]              .
singaporenoo    16     0    0.00     54     0     0.00      . [.-.]              .
chickenandch    16     0    0.00     54     0     0.00      . [.-.]              .
   currybeef    16     0    0.00     54     0     0.00      . [.-.]              .
        v187    16     0    0.00     54     0     0.00      . [.-.]              .
laksachicken    16     0    0.00     54     0     0.00      . [.-.]              .
honeychillik    16     0    0.00     54     0     0.00      . [.-.]              .
thaispicycom    16     0    0.00     54     0     0.00      . [.-.]              .
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vegetariansa    16     0    0.00     54     0     0.00      . [.-.]              .
         v49    16     0    0.00     54     0     0.00      . [.-.]              .
porkribwithk    16     0    0.00     54     0     0.00      . [.-.]              .
partypieandc    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawnbac    16     0    0.00     54     0     0.00      . [.-.]              .
       salad    16     0    0.00     54     0     0.00      . [.-.]              .
  thaidishes    16     0    0.00     53     0     0.00      . [.-.]              .
kingprawninp    16     0    0.00     54     0     0.00      . [.-.]              .
padthaikingp    16     0    0.00     54     0     0.00      . [.-.]              .
fishwithsala    16     0    0.00     54     0     0.00      . [.-.]              .
padthaiseafo    16     0    0.00     54     0     0.00      . [.-.]              .
garliccombin    16     0    0.00     54     0     0.00      . [.-.]              .
chinesepeppe    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawncho    16     0    0.00     54     0     0.00      . [.-.]              .
steamedduckw    16     0    0.00     54     0     0.00      . [.-.]              .
curriedpuffs    16     0    0.00     54     0     0.00      . [.-.]              .
        v133    16     0    0.00     54     0     0.00      . [.-.]              .
        v126    16     0    0.00     54     0     0.00      . [.-.]              .
beefwithging    16     0    0.00     54     0     0.00      . [.-.]              .
filletsteakw    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumdrymea    16     0    0.00     54     0     0.00      . [.-.]              .
combinationo    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
        v134    16     0    0.00     54     0     0.00      . [.-.]              .
laksacombina    16     0    0.00     54     0     0.00      . [.-.]              .
        v138    16     0    0.00     54     0     0.00      . [.-.]              .
        v129    16     0    0.00     54     0     0.00      . [.-.]              .
panfriednood    16     0    0.00     54     0     0.00      . [.-.]              .
  boiledrice    16     0    0.00     54     0     0.00      . [.-.]              .
bananachicke    16     0    0.00     54     0     0.00      . [.-.]              .
noodlesoupki    16     0    0.00     54     0     0.00      . [.-.]              .
chickenandki    16     0    0.00     54     0     0.00      . [.-.]              .
thaigreencur    16     0    0.00     54     0     0.00      . [.-.]              .
chillicombin    16     0    0.00     54     0     0.00      . [.-.]              .
porkribinchi    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
chinesepeppe    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedduc    16     0    0.00     54     0     0.00      . [.-.]              .
tomyumchicke    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawninp    16     0    0.00     54     0     0.00      . [.-.]              .
bbqporkomlet    16     0    0.00     54     0     0.00      . [.-.]              .
        v223    16     0    0.00     54     0     0.00      . [.-.]              .
noodlesoupco    16     0    0.00     54     0     0.00      . [.-.]              .
        v222    16     0    0.00     54     0     0.00      . [.-.]              .
omlettedishe    16     0    0.00     54     0     0.00      . [.-.]              .
sweetandsour    16     0    0.00     54     0     0.00      . [.-.]              .
vegetariandi    16     0    0.00     54     0     0.00      . [.-.]              .
        v210    16     0    0.00     54     0     0.00      . [.-.]              .
thaisweetchi    16     0    0.00     54     0     0.00      . [.-.]              .
housespecial    16     0    0.00     54     0     0.00      . [.-.]              .
        v137    16     0    0.00     54     0     0.00      . [.-.]              .
kingprawnfri    16     0    0.00     54     0     0.00      . [.-.]              .
mongolianveg    16     0    0.00     54     0     0.00      . [.-.]              .
szechuanbeef    16     0    0.00     54     0     0.00      . [.-.]              .
warmducksala    16     0    0.00     54     0     0.00      . [.-.]              .
        v205    16     0    0.00     54     0     0.00      . [.-.]              .
garlicchilli    16     0    0.00     54     0     0.00      . [.-.]              .
chickenwithg    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombo    16     0    0.00     54     0     0.00      . [.-.]              .
    longsoup    16     0    0.00     54     0     0.00      . [.-.]              .
kunpohcombin    16     0    0.00     54     0     0.00      . [.-.]              .
sataykingpra    16     0    0.00     54     0     0.00      . [.-.]              .
        v107    16     0    0.00     54     0     0.00      . [.-.]              .
japanesedish    16     0    0.00     54     0     0.00      . [.-.]              .
padthaicombi    16     0    0.00     54     0     0.00      . [.-.]              .
mixedvegetab    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
thaigreencur    16     0    0.00     54     0     0.00      . [.-.]              .
  duckdishes    16     0    0.00     54     0     0.00      . [.-.]              .
chickeninbla    16     0    0.00     54     0     0.00      . [.-.]              .
chickenpiewi    16     0    0.00     54     0     0.00      . [.-.]              .
kunpohchicke    16     0    0.00     54     0     0.00      . [.-.]              .
hokkeinnoodl    16     0    0.00     54     0     0.00      . [.-.]              .
     padthai    16     0    0.00     54     0     0.00      . [.-.]              .
        v123    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
saucecreamyp    16     0    0.00     54     0     0.00      . [.-.]              .
currycombina    16     0    0.00     54     0     0.00      . [.-.]              .
         v51    16     0    0.00     54     0     0.00      . [.-.]              .
deepfriedice    16     0    0.00     54     0     0.00      . [.-.]              .
porkinplumsa    16     0    0.00     54     0     0.00      . [.-.]              .
filletsteakw    16     0    0.00     54     0     0.00      . [.-.]              .
        v143    16     0    0.00     54     0     0.00      . [.-.]              .
currychicken    16     0    0.00     54     0     0.00      . [.-.]              .
        v132    16     0    0.00     54     0     0.00      . [.-.]              .
beefinszechu    16     0    0.00     54     0     0.00      . [.-.]              .
chowmeincris    16     0    0.00     54     0     0.00      . [.-.]              .
garlicchicke    16     0    0.00     54     0     0.00      . [.-.]              .
stirfryudowi    16     0    0.00     54     0     0.00      . [.-.]              .
laksakingpra    16     0    0.00     54     0     0.00      . [.-.]              .
        v168    16     0    0.00     54     0     0.00      . [.-.]              .
seafoodcombi    16     0    0.00     54     0     0.00      . [.-.]              .
vegetariancu    16     0    0.00     54     0     0.00      . [.-.]              .
prawncutlets    16     0    0.00     54     0     0.00      . [.-.]              .
sweetandsour    16     0    0.00     54     0     0.00      . [.-.]              .
curryvegetab    16     0    0.00     54     0     0.00      . [.-.]              .
  sanchoybow    16     0    0.00     54     0     0.00      . [.-.]              .
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Prologue 
My Role 
In my role as a Communicable Diseases Nurse I was recruited by Sally Munnoch, the 
Hunter New England (HNE) OzFoodNet (OFN) manager to undertake this project. The 
HNE OzFoodNet team had identified an ongoing problem in the Hunter New England 
Local Health District (HNELHD) where possible foodborne outbreaks and other enteric 
infections were being missed due to a lack of specimen collection when the cases 
presented to a HNELHD emergency department (ED) or their General Practitioner 
(GP).  
This was in the context of two large point source outbreaks linked to the same catering 
company, resulting in a total of 55 cases. Seven cases presented to HNELHD ED’s 
and only one case actually had a specimen collected, despite reporting dysentery at 
the time of presentation and that they were part of a larger outbreak. Adding to this was 
a lack of notification to public health by the medical officers treating these patients. 
Under the New South Wales (NSW) Public Health Act, 2010, gastroenteritis in two or 
more people is a notifiable condition. 
If the one sample that was collected hadn’t been collected at all, then the outbreak and 
the opportunity to intervene would have been missed. This would have resulted in an 
ongoing risk of Salmonellosis to the community and a continued burden of illness on 
the health care system. 
I was the chief investigator in the research project. I was responsible for assembling an 
investigative team for the project, writing the research proposal, gaining ethics 
approval, obtaining the data sets and conducting the analysis. My professional 
background is in nursing, particularly critical care nursing, including as a triage nurse in 
ED, so I brought a unique understanding of the data, particularly the ED data, to the 
project. This proved invaluable during the text mining process as I understood the 
language of the triage text. 
Lessons learned 
I learned about the complexities of using routinely collected administrative data sets. 
This was the first time I had used the data linkage methodology. The method was not 
as straight forward as it first appeared due to the laboratory network used within the 
HNELHD. The method of linkage involved using the area medical record number 
(MRN) to link ED records to laboratory records.  
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There are three primary public laboratory services in HNELHD which belong to the 
same laboratory group; however they all have different information management 
systems and a different method of coding the medical record number for the patients 
who use their service. One part of the HNELHD is serviced only by a private laboratory.  
This meant that I had to obtain data from four different systems with differing data 
formats; I then had to find a way to obtain an area MRN for each laboratory specimen. 
The HNE IT department were able to help me with this part but it required some 
negotiation with the IT department around HNE work priorities and timeframes. This 
helped to develop my negotiating skills with internal partners. 
During this project I extended my skills in using Stata. Basic Stata training was 
provided through the Master of Philosophy Applied Epidemiology (MAE) program and 
this project built on those skills. It was also the first time I had used text mining in a 
data set and this gave me the opportunity to explore the value and limitations of this 
method. 
Another important learning from this project was literature search techniques. Trying to 
find literature on this project topic was difficult. Traditional search methods were not 
yielding a lot of useful literature on this topic so I had to learn new techniques to search 
the literature such as searching citations, using reference lists and asking people in the 
field. 
Another important learning that came from this project was building internal validity into 
my study. After the pilot study was completed, the methodology was reviewed and a 
new method was devised to reduce bias and increase the reproducibility of the study. 
Public Health Impact 
This is the most recent study in HNE to describe the demographic, clinical and hospital 
characteristics of gastroenteritis presentations to HNE EDs and the impact these have 
on stool specimen collection. The study demonstrates that specimen collection for 
gastroenteritis cases is not prioritised, but, importantly, it is also not prioritised for 
patients with dysentery, where the presence of blood is a specific indicator of enteric 
infection with a bacterial infection that can lead to severe sequelae.1 
The implications of this are that cases of gastrointestinal infection with a bacterial 
pathogen are being missed and there is a gap in the surveillance of enteric pathogens 
in the HNE region. In addition, potential outbreaks may be missed, limiting the 
opportunity for public health intervention to prevent further cases.  
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HNE OFN has guidelines outlining appropriate stool collection, available on the HNE 
OFN website; however, there are no policies for stool specimen collection in the 
HNELHD. Creating and promoting a stool specimen collection policy or guideline for 
the HNELHD may improve stool specimen collection in the HNELHD. In addition, 
further research is required to explore the impact of Aboriginality on stool specimen to 
reduce the inequality in service provision between Aboriginal and Non-Aboriginal 
people in the HNE region. The impact of hospital type (tertiary referral, rural referral 
and district) on stool specimen collection also needs further exploration. 
This chapter is divided into two parts that demonstrate the requirements for a major 
epidemiological study in the MAE program: 
Part A: Introduction- Literature review, study aim and objectives 
Part B: Final epidemiological study 
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Abstract 
Background  
In 2012, the OzFoodNet team from the Hunter New England (HNE) Local Health 
District (LHD) identified patients with dysentery presenting to emergency departments 
(ED) did not have stool specimens sent for microbiological analysis, despite the patient 
reporting to the clinician that they were part of a gastroenteritis outbreak. The aim of 
this study was to describe the proportion of HNE ED gastroenteritis presentations that 
have a stool specimen collected and the demographic, cultural and clinical predictors of 
stool specimen collection for the period 1 January 2009- 31 December 2011. An 
additional aim was to identify the pathogens causing infectious gastroenteritis in people 
presenting to EDs in the HNE region. 
Methods 
A retrospective cohort study linking ED data to laboratory data was undertaken. Data 
for gastroenteritis presentations to HNE EDs was obtained from the Public Health Real-
Time Emergency Department Surveillance System (PHREDSS) database using a 
keyword search with the terms diar* (as a wild card to account for different variations in 
spelling of the word diarrhoea), stool, gastro, maleana and malena. Data for Aboriginal 
status and language spoken was obtained from the HNE i.patient manager system and 
merged with PHREDSS data. Data for stool specimens were extracted from the 
laboratory databases of Pathology North (AUSLAB™) and SydPath (ULTRA™). 
Laboratory data was merged with PHREDSS data using the medical record number 
(MRN) as the unique identifier.  
A pilot study using a sample of 5000 ED records was conducted prior to the main 
epidemiological study. In the pilot study, the presenting problem, nurse triage text and 
clinical diagnosis was utilised to filter out cases of non-infectious gastroenteritis and 
identify only cases of infectious gastroenteritis. In the main epidemiological study, a 
more systematic approach was taken and the presenting problem was used to identify 
all cases of infectious gastroenteritis in the data set and then a sample of 1000 of these 
cases was randomly selected for analysis. 
The demographic, cultural and clinical characteristics of all gastroenteritis cases were 
described. All gastroenteritis presentations where any variation of the term blood with 
no mention of respiratory illness or non-infectious aetiology was documented were 
selected as dysentery cases. The overall proportion of all gastroenteritis and dysentery 
cases that had a specimen collected was calculated. The proportion of specimens 
collected for both all gastroenteritis presentations and dysentery presentations stratified 
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by demographic, cultural and clinical predictors were calculated. Pathogens isolated 
from stool specimens were identified and the proportion of each pathogen detected in 
stool specimens was calculated. 
 An initial univariate analysis was conducted to describe the association between 
predictors and stool specimen collection. Odds ratios (OR) were calculated with 95% 
confidence intervals (CI) and significance level set at 0.05. A multivariable model was 
then constructed, incorporating variables with a p-value of 0.25 or less.  
 Results  
The highest proportion of all gastroenteritis and dysentery cases occurred in the 0-4 
years (26.2-27%) and 20-29 years (16.1-19.9%) age groups. The majority of all 
gastroenteritis and dysentery cases were born in Australia (92.9-94.5%), non-
Aboriginal (91-94.9%) and spoke English (98-99%). Aboriginal people represented 
7.9% of all gastroenteritis presentations and 4.2% of all dysentery presentations. 
Campylobacter and Salmonella were the most frequently identified bacterial pathogens 
and rotavirus and adenovirus were the most frequently identified viral pathogens. 
A total of 107 (10.7%) of all gastroenteritis presentations had a specimen collected. 
The total number of dysentery presentations was 53 (5.3%) and 13.2% of these cases 
had a specimen collected. The 20-29 years age group experienced a significantly lower 
proportion of stool specimen collection for dysentery presentations (22.1%, OR 0.4, 
95% CI 0.2-0.8, p=0.01) compared to all other age groups. For all gastroenteritis, the 
odds of specimen collection for non-Aboriginal people compared to Aboriginal people 
was significantly higher (OR 5.4, 95% CI 1.3-22.3, p=0.02). The odds of specimen 
collection for people who presented to a rural referral hospital was also significantly 
higher compared to those who presented to a district or tertiary referral hospital (OR 
2.7, 95% CI 1.7-4.5, p=<0.01). 
Conclusion  
The overall low proportion of specimen collection in dysentery cases indicates that 
reports of cases of gastroenteritis caused by pathogens such as Salmonella, 
Campylobacter, Shigella and Escherichia Coli may be being missed. Further work is 
required to improve stool specimen collection for gastroenteritis presentations in the 
HNE region. The creation and promotion of stool specimen collection guidelines or 
policy in addition to targeting the 20-29 years age group may assist in improving stool 
specimen collection in HNE. Further exploration of the impact of Aboriginal status on 
stool specimen collection is also required. 
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Literature Review 
Infectious gastroenteritis is a common disease that causes substantial morbidity in 
Australia with an estimated 17.2 million cases per year causing 3.8 million visits to the 
GP, 400,000 hospital admissions and 2.1 million lost work days.1,2 The cost of 
gastroenteritis in Australia has been estimated at $342 855 616.3  
Infection with an enteropathogen can lead to serious acute complications such as 
bacteraemia, meningitis and haemolytic uraemic syndrome (HUS) (Table 1).1,4 Chronic 
complications such as irritable bowel syndrome, reactive arthritis and Guillian Barre 
syndrome may also occur, causing further morbidity and mortality (Table 1).1,5 
Table 1: Acute and chronic complications associated with Non-typhoidal Salmonella, 
Campylobacter, Yersinia, Shigella and Shiga-toxin E.Coli infection, Australia, 2008 
Complication Pathogen 
Acute  
Bacteraemia Non-typhoidal Salmonella, Campylobacter, Yersinia, 
Shigella 
Meningitis Non-typhoidal Salmonella, Campylobacter, Yersinia 
Haemolytic Uraemic Syndrome Shiga-toxin E.Coli, Shigella 
Chronic  
Reactive Arthritis Non-typhoidal Salmonella, Campylobacter, Yersinia, 
Shigella 
Irritable Bowel Syndrome Non-typhoidal Salmonella, Campylobacter, Yersinia 
Guillian Barre Syndrome Campylobacter 
 
Results from the most recent national gastroenteritis survey in Australia indicate that 
the age groups with the highest disease burden are those aged 0-4 yrs and 20-29 
years.6 Whilst it is well-known that young children are disproportionately affected by 
gastroenteritis due to the immaturity of their immune systems and their social 
interactions, the disease burden in the 20-29 years age group is most likely a reflection 
of this age group being the primary caregivers for the children in the 0-4 years age 
group.2 
The results of the most recent national gastroenteritis survey also indicated that, in 
Australia, the highest disease burden is in the Northern Territory, followed by 
Queensland and New South Wales, however there was no significant difference in the 
prevalence of gastrointestinal illness between Indigenous Australians and Non-
Indigenous Australians.6 The survey did however, record higher crude rates for 
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Aboriginal people compared to non-Aboriginal people. These results may reflect the 
high burden of gastroenteritis of Aboriginal children. 
In studies that have examined gastroenteritis hospitalisation rates between large 
cohorts of Aboriginal and Non-Aboriginal paediatric populations over time found 
significant differences between the two populations.7,8 In these studies, Aboriginal 
children experienced gastroenteritis hospitalisations rates that were 8-9 times higher 
than Non-Aboriginal children.7,8 The introduction of the rotavirus vaccine in 2007 had 
the impact of reducing rotavirus associated hospitalisation rates for children across 
Australia, however not all states and territories in Australia experienced the same 
benefits.9,10  
The benefits were also unevenly distributed between Aboriginal and non-Aboriginal 
children, with a lesser decline in rotavirus associated hospitalisation rates observed for 
Aboriginal children, compared to non-Aboriginal children.9 In the Northern Territory, 
where a high proportion of the population identify as Aboriginal, the decline of rotavirus 
notification rates in the Northern Territory was lesser than elsewhere in Australia.10 
Together, these findings suggest that other factors such as poor immunisation rates, 
differing vaccine serotypes, environmental conditions and other enteric pathogens 
contribute to the burden of gastroenteritis in Aboriginal children in Australia.9,10 
Within states, the burden of gastroenteritis is higher amongst urban populations when 
compared to rural populations.6 In terms of socio-economic status, the prevalence of 
gastroenteritis was highest in those who were university or apprenticeship educated, 
those where the household income was in the $25,000 to $100,000 range, those who 
didn’t have health insurance and households containing five people.6  These 
parameters may reflect family households containing the two age groups with the 
highest disease burden, although there may also be other reasons why gastroenteritis 
is higher in these groups. 
Dysentery (bloody diarrhoea) is the presence of small frequent bowel movements 
accompanied by blood and mucus and is an indication of gastrointestinal infection with 
a bacterial enteropathogen.4 For the purposes of this project, the presence of blood in 
stool will be referred to as dysentery. Early diagnosis and intervention can assist in 
limiting the consequences of gastrointestinal illness and detecting outbreaks.11 This 
requires prompt specimen collection and laboratory analysis. The Royal College of 
Pathologists of Australasia (RCPA) recommend that people who present with bloody 
diarrhoea should have specimens sent for microbiological analysis.12 
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Timely detection of foodborne and gastroenteritis outbreaks is reliant on the collection 
of stool specimens, and the subsequent analysis and reporting of results. Laboratory 
results provide useful information to determine the extent of public health problems 
such as outbreaks of gastroenteritis associated with food and attendance at specific 
institutions. It is estimated that for every case of Salmonella, Campylobacter and Shiga 
Toxin-producing Escherichia Coli notified to a public health unit in Australia, 7-10 
undetected cases occur in the community.5 The undercount presents a challenge to 
those involved in public health surveillance which in turn does not allow the application 
of appropriate public health measures to reduce the risk of disease.  
During 2012, the OzFoodNet (OFN) team in the HNELHD identified patients with 
dysentery presenting to EDs that did not have stool specimens sent for microbiological 
analysis, despite the patients reporting to clinicians that they were part of a 
gastroenteritis outbreak. Improving stool specimen collection should lead to improved 
enteropathogen surveillance and assist in guiding appropriate public health action. 
There is limited published literature describing the aetiology of gastroenteritis 
presentations to Australian hospitals across the age spectrum, and factors that affect 
stool specimen collection in hospitals. A study of the aetiology of paediatric 
gastroenteritis presentations to three metropolitan Australian hospitals over the last 
decade demonstrated that viral pathogens such as rotavirus and adenovirus are the 
most common cause of gastroenteritis in this population followed by the bacterial 
pathogens, non-typhoidal Salmonella and Campylobacter. 13,14 Although the studies 
focussed on the paediatric population, the findings are similar to other studies that have 
examined the aetiology of both adult and paediatric gastroenteritis cases in the 
Australian community.15 
In community studies, viral pathogens are still identified as the most common cause of 
gastroenteritis in both adults and children, and norovirus and adenovirus are the most 
frequently identified viruses.15 Bacterial pathogens such as Salmonella and 
Campylobacter are also frequently identified in community gastroenteritis cases, 
however, pathogenic E. coli excluding Shiga-toxin E. coli is the most frequently isolated 
bacterial pathogen.15 
The aetiology of gastroenteritis in the Australian hospital setting is similar to other 
developed countries. Two US studies that examined the aetiology of gastroenteritis 
presentations to EDs demonstrated that viruses such as norovirus and rotavirus were 
the most frequently identified enteropathogens found in gastroenteritis patients who 
present to EDs in the United States followed by bacterial pathogens with Salmonella 
identified as the most common bacterial enteropathogen.16,17  The US studies also 
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demonstrated that approximately 15% of gastroenteritis cases had dysentery on 
presentation and  62% of patients with positive culture stool specimens had dysentery, 
emphasising the clinical significance of this condition.16,17  
The Australian hospital gastroenteritis studies demonstrate a similar proportion (21%) 
of gastroenteritis patients who report dysentery on presentation to hospital; however 
information on the proportion of patients with a culture positive stool specimen who 
also reported dysentery was not reported in any of the studies.13,14 Therefore a 
comparison between the American and Australian situations cannot be made. It is not 
unreasonable however, to assume that the proportion of culture positive stool 
specimens associated with dysentery in Australia would be similar to the US as 
dysentery is a well-known clinical feature associated with infection with a bacterial 
enteropathogen.  
In terms of factors that predict stool specimen collection, there is limited published 
literature describing this topic. The first national gastroenteritis survey demonstrated 
that the presence of dysentery and an increasing gastrointestinal illness duration 
increased the probability of stool specimen collection among general practitioners (GP) 
in Australia.18 One US study that examined dysentery patients presenting to EDs 
identified that dysentery patients were more likely to have a stool specimen collected if 
the patients had visible blood in the stool, fever or greater than 10 stool episodes per 
day.19 The study also identified that these factors increased the likelihood of detecting 
an enteropathogen.19 
Gaps identified in the literature 
The predictors of stool specimen collection is not a well-researched area, however in 
order to improve stool specimen collection among dysentery cases in hospitals and 
therefore improve surveillance of enteropathogens, it is essential to understand what 
the factors influencing stool specimen collection are. The effect of demographic and 
cultural predictors appears to be absent from the literature. This is an important aspect 
of stool specimen collection to explore as the burden of gastroenteritis is different 
across the age continuum and the health inequality between Aboriginal and non-
Aboriginal people is well known. The impact of hospital predictors on stool specimen 
collection is also an important aspect to explore from a quality assurance point of view, 
providing an opportunity to strengthen hospital systems.  
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Aim  
The aims of this study were to: a) examine the demographic and clinical variables 
impacting on stool specimen collection for patients presenting with gastroenteritis to 
ED’s in the HNELHD, b) to identify factors affecting stool specimen collection and 
improve enteropathogen surveillance and detection. An additional aim was to describe 
the aetiology of gastroenteritis presentations to all HNE EDs who had a stool specimen 
collected over the same study period (2009-2011 inclusive). 
Objectives 
The objectives of this study were as follows: 
 Describe the proportion of dysentery presentations to HNE EDs who had stool 
specimens received at pathology for analysis during the study period.  
 Describe the identified pathogens in gastroenteritis patients over the study 
period. 
 Identify the demographic and cultural features of all gastroenteritis patients 
who presented to HNE EDs over the study period, and 
 Identify the demographic and cultural features of dysentery patients who 
presented to HNE EDs over the study period. 
 
Ethical considerations 
 
This project was deemed a quality improvement project by the HNELHD Ethics 
Committee and did therefore the study did not require ethics approval through this 
committee. Ethics approval for this project was granted by The Australian National 
University (ANU) Human Research Ethics Committee (HREC). 
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Background 
Infectious gastroenteritis has a considerable impact on the Australian community in 
both social and economic terms.1,2,3 There are a wide range of viral and bacterial 
pathogens that are known to cause infectious gastroenteritis in the Australian 
community.6 Infection with one of these pathogens may require hospital treatment. The 
most common viral pathogens causing patients to present to hospital with infectious 
gastroenteritis in Australia are rotavirus, adenovirus and norovirus whilst the most 
frequently identified bacteria causing infectious gastroenteritis presentations to hospital 
include Campylobacter and Salmonella.13,14 
Surveillance of pathogens causing infectious gastroenteritis enables public health 
practitioners to better understand the underlying causes, population distribution and the 
possible transmission mechanisms of these pathogens. It also enables timely 
interventions to reduce the disease burden in the community. The main method of 
gastroenteritis surveillance in Australia is through the mandatory notification process 
under the Public Health Act of each state and territory, however other sources such as 
the national gastroenteritis survey and the national OzFoodNet outbreak register also 
inform surveillance.6 
The submission of stool samples from patients experiencing infectious gastroenteritis 
remains key to the surveillance chain of enteropathogens, especially those patients 
who experience dysentery with their gastroenteritis as this is a strong indicator of 
infection with an enteropathogen. The mandatory notification process in each state and 
territory relies on laboratory detection. From the laboratory the results are notified to 
the state or territory public health authority who enter the results into a notifiable 
disease database. The data relating to each notifiable enteropathogen is then extracted 
and analysed by public health staff. If stool specimens are not being collected, 
gastroenteritis surveillance, and the opportunity to intervene, will be diminished. 
This is especially important to organisations such as OFN, who rely on gastroenteritis 
surveillance to detect and respond to outbreaks, monitor trends, identify risk groups 
and undertake research. OFN is a national organisation that investigates outbreaks of 
foodborne illness and works with food regulators to prevent further illness in the 
community and uses available information to inform food safety policy. In 2012, the 
OFN team in the HNELHD identified patients with dysentery presenting to EDs that did 
not have stool specimens sent for microbiological analysis, despite the patients 
reporting to clinicians that they were part of a gastroenteritis outbreak. 
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A pilot study was conducted to determine what factors affect stool specimen collection 
when patients with infectious gastroenteritis, especially those with dysentery, present to 
hospital for treatment (Appendix 1). The study determined that while dysentery, 
especially dysentery with fever, increased the likelihood of stool specimen collection, 
only 28% of dysentery cases had a stool specimen collected. The study also 
determined that Aboriginal people were over-represented in gastroenteritis 
presentations to hospital. 
A review of the study methodology was undertaken prior to proceeding with the final 
epidemiological study. Selection bias was identified as a potential threat to the internal 
validity of the study. Using the diagnosis description and presenting problem variables 
require medical knowledge about the aetiology of infectious gastroenteritis. There are a 
wide range of diagnosis descriptions and presenting problems that are related to 
infectious gastroenteritis so the level of medical knowledge and experience with 
infectious gastroenteritis of researchers trying to replicate this study is likely to affect 
which diagnosis descriptions and presenting problems are selected for inclusion in the 
final analysis.  
Methods 
All gastroenteritis and dysentery presentations 
Emergency department data 
This study was a retrospective cohort study linking ED data to laboratory data. Data for 
all gastroenteritis presentations for the study period January 1 2009- December 31 
2011 were extracted from the PHREDSS database for all HNELHD EDs using a text 
search. Records where the words ‘diar’ or ‘gastro’ or ‘stool’ or ‘melena’ or melena’ 
appeared in the triage text or presenting problem were selected. A total of 50,240 
records were subsequently identified.  
Three main variables in the data set were used to detect cases of infectious 
gastroenteritis. These variables were diagnosis description (ICD10 hospital discharge 
diagnosis code), presenting problem (the main feature of the ED presentation selected 
from a drop-down list provided by the triage software) and nursing assessment (triage 
text). 
The pilot study used multiple variables and keyword searches of the triage text to 
exclude cases of potentially non-infectious gastroenteritis cases (Appendix 1). To 
simplify the methodology, minimise selection bias and maximise specificity when 
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identifying cases of infectious gastroenteritis, an alternative method was devised 
(Figure 1).  
Figure 1: Flowchart demonstrating alternative methodology 
 
Instead of using multiple variables and keyword searches of the triage text to exclude 
potentially non-infectious gastroenteritis cases, the presenting problem “diarrhoea” was 
used to capture all potential cases of infectious gastroenteritis. All other records where 
the presenting problem was not “diarrhoea” were excluded from analysis. The reason 
behind this approach is that diarrhoea is a common symptom of infectious 
gastroenteritis and indicates an opportunity for a stool specimen to be collected.  
The use of this method improves the specificity when attempting to detect cases of 
infectious gastroenteritis by excluding cases where the presenting problem is not 
related to infectious gastroenteritis but diarrhoea may be recorded in the triage text. An 
example of this is where the presenting problem might be 
“Chemotherapy/haematology, complication of” and the triage text indicates that a 
patient on chemotherapy is presenting due to vomiting and diarrhoea following the 
administration of chemotherapy. 
Records where the presenting problem was missing were excluded from analysis. 
Records were also excluded if the ICD10 diagnosis was “Did not wait”, as patients 
couldn’t have been reasonably expected to provide a stool sample for analysis if they 
did not wait to be seen by an ED practitioner.  
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After the exclusion of these records, 100 cases were randomly sampled from this data 
set to calculate the sensitivity of detecting infectious gastroenteritis cases using this 
method. The case definition of an infectious gastroenteritis case was a case where the 
presenting problem was recorded as “diarrhoea” and there was no mention of 
respiratory illness or non-infectious aetiology in the triage text. All 100 cases were 
manually reviewed for this case definition.  
Laboratory Data 
Information on stool specimens was obtained from the two laboratories that service 
HNE hospitals, Pathology North and Sydpath. There are a number of pathogens that 
are tested for by both laboratories. Initially, at both laboratories, microscopy is 
performed on a wet film that is prepared from the stool sample. Both laboratories then 
routinely conduct stool culture for Salmonella, Campylobacter and Shigella.  
At Pathology North, if excessive white cells are seen on microscopy of the stool 
sample, the sample is also cultured for Yersinia enterocolitica and Aeromonas. 
Additionally, if travel is documented on the stool test request form, the sample will also 
be tested for Vibrio cholerae. At Sydpath, routine culture includes Aeromonas and 
Plesiomonas shigelloides. Additionally, Sydpath also culture for Yersinia enterocoltica if 
the patient is less than 10 years of age and, similar to Pathology North, also culture for 
Vibrio cholerae if there is a history of travel in the stool test request form.  
Pathology North routinely tests for Shiga-toxin Escherichia-coli if excessive red cells 
are seen on microscopy; however Sydpath only performs this test if requested or 
clinically indicated. Pathology North also routinely tests for giardia and cryptosporidium 
on all stool samples and Sydpath only performs these tests if requested or if the 
pathogen is seen on microscopy. Both laboratories perform routine rotavirus and 
adenovirus testing on all patients less than five years of age but only on request if 
older. Norovirus is also only tested for by both laboratories when requested or when an 
outbreak is suspected. 
Data on all stool specimens collected during the study period was obtained from the 
two electronic information management systems, AUSLAB™ and ULTRA™ of the 
laboratories that service HNE hospitals, Pathology North and Sydpath respectively. 
Pathology North services hospitals both in and outside of the HNE region. Records that 
were from outside of the HNE region were identified by the pre-fix on the record and 
deleted. A total of 48,000 records were identified.  
The Pathology North laboratory data comes from different laboratory divisions within 
HNE and therefore not all of the laboratory records contained the HNE area medical 
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record number that was required for the data merge. The Pathology North records do 
however, contain a HNE MRN that is unique to the different laboratory divisions and 
these MRNs can be used to determine the HNE area MRN. All records containing a 
MRN from the different laboratory divisions within HNE were sent to the HNE IT 
services for conversion to the area MRN. Duplicate records were then deleted. 
As Sydpath is a private laboratory, there was no HNE MRN for these records. The 
names and dates of births from these records were provided to the HNELHD IT service 
that then matched the names and dates of birth to their medical record number using a 
Statistical Analytical Software (SAS) macro.  
Emergency department and laboratory data merge 
The ED and laboratory data sets were then merged by medical record number and 
specimen collection date. After the merge, laboratory records that did not have a 
corresponding ED record were excluded. A review of the average length of a medical 
stay in Hunter New England hospitals was conducted and used as a proxy to 
determine the time frame in which stool specimen collection was likely to occur for 
people presenting with gastroenteritis. Laboratory records were excluded if the 
specimen collection date did not occur within the length of stay time frame of the ED 
visit date.  
Demographic data 
Data on Aboriginality and language spoken for the ED records were extracted from the 
HNE i.patient manager system. The i.patient manager system is a patient 
administration system that is used to record the details of all patients that utilise the 
HNELHD. Aboriginality and language spoken from the i.patient record were then 
merged with the corresponding ED record.  
All gastroenteritis cases 
After the review of 100 cases, one thousand cases where the presenting problem was 
“diarrhoea” and did not have a diagnosis description of “Did not wait”, were randomly 
sampled from the entire data set which included the 100 reviewed cases using Stata 
and used in the analysis. Dysentery cases were then identified in this sample by 
manually reviewing the triage text of all one thousand cases.  The case definition for 
dysentery cases were gastroenteritis cases that fitted the infectious gastroenteritis case 
definition and where the words blood or bleed and their variations appeared in the 
triage text. 
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Dysentery cases 
Dysentery cases were analysed separately to other cases of infectious gastroenteritis 
as dysentery is a specific indicator of infection with a bacterial pathogen. To identify 
cases of dysentery, the triage text of all 11,978 diarrhoea records were manually 
reviewed. The case definition for cases of dysentery was mention of any variation of 
the term blood with no mention of respiratory illness or non-infectious aetiology. A total 
of 477 cases were identified (Figure 2).  
Figure 2: Flowchart demonstrating the method used for identifying dysentery cases 
 
Analysis 
Analysis was conducted using Stata version 11, intercooled. 20 The proportions of total 
and dysentery presentations that did and did not have specimens collected were 
calculated. We also calculated the proportions of demographic, cultural, clinical and 
hospital predictors and the proportion of specimens collected for each predictor. 
Univariate binomial regression was used to calculate the odds ratio to describe the 
association between predictors and specimen collection with 95% confidence intervals 
(CI) and significance level set at 0.05. Multivariable analysis was conducted on all 
variables with a p-value<0.25 with 95% CI and significance level set at 0.05. 
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Results: All gastroenteritis presentations 
Descriptive epidemiology 
A total of 12,783 patients presenting to HNE ED’s had diarrhoea as the presenting 
problem. After exclusion of records where the diagnosis description was “Did not wait”, 
a total of 11,978 records were available for analysis. A manual review of 100 records 
determined the sensitivity of detecting cases of infectious gastroenteritis using the case 
definition of cases where the presenting problem was recorded as diarrhoea and no 
mention of respiratory symptoms or non-infectious aetiology in the triage text was 85%. 
The average length of stay for a medical admission in HNE hospitals is four days.  
A total of 107 (10.7%) of patients presenting to HNE ED’s with gastroenteritis had a 
stool specimen collected. This varied from 9.9-11.4% over the study period (Figure 3). 
Fifty-three patients (5.3%) presented with dysentery. The overall proportion of 
dysentery cases that had a sample collected was 13.2%. This varied from 6.7-23.5% 
over the study period (Figure 4).  
Figure 3: Proportion of stool specimens collected for gastroenteritis presentations, by 
year, in the Hunter New England Local Health District, 2009-2011 
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Figure 4: Proportion of stool specimens collected for dysentery presentations, by year, in 
the Hunter New England Local Health District, 2009-2011 
 
Demographics 
The highest proportion (26.2%) of gastroenteritis presentations were in the 0-4 years 
age group, followed by the 25-29 (8.3%) and 20-24 (7.8%) years age group (Figure 5). 
The lowest proportion of gastroenteritis presentations were in the 10-14 year age group 
(1.4%) (Figure 5). Overall, there was little difference between males and females with 
51.2% of presentations identifying as female. The greatest differences were in the 50-
54, 60-64 and 80+ yrs age groups. In the 50-54 yrs age group, there were more male 
(62.1%) presentations than female (Figure 5). In contrast, there were more female 
presentations in the 60-64, 80-84 and 85+ yrs age groups (62.1%, 66.6% and 60% 
respectively) (Figure 5).  
Figure 5: Proportion of people presenting with gastroenteritis, by age group and gender, 
Hunter New England Local Health District, 2009-2011 
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The 50+ age groups generally had the highest proportion of specimen collection with 
the 70-79yrs age group having the highest proportion (15.7%) of specimens collected 
(Table 2). The age groups with the lowest proportion of specimen collection were the 
10-19yrs (2.8%), 40-49yrs (7.1%) and 20-29yrs (9.7%) age groups (Table 2). 
Table 2: Number and proportion of stool samples collected from people presenting with 
gastroenteritis by gender and age group, Hunter New England Local Health District, 
2009-2011 
Predictor n (%) Number of samples collected (% of 
n) 
Gender   
Male 496 (49.4) 50 (10) 
Female 508 (50.6) 51 (10) 
Age group   
0-4 242 (24.1) 21 (8.7) 
5-9 46 (4.6) 6 (13) 
10-19 71 (7.1) 2 (2.8) 
20-29 165 (16.4) 16 (9.7) 
30-39 110 (10.9) 14 (12.7) 
40-49 84 (8.4) 6 (7.1) 
50-59 76 (7.6) 10 (13.2) 
60-69 67 (6.7) 7 (10.4) 
70-79 70 (7.0) 11 (15.7) 
80+ 73 (7.3) 8 (10.9) 
 
The overall proportion of patients presenting with gastroenteritis to HNE ED’s 
identifying as Aboriginal was 9% over the study period. The age groups with the largest 
proportion of Aboriginal peoples were the 0-4 (3.5%), 20-24 (0.7%) and 50-54 (0.7%) 
years age groups (Figure 6). A higher proportion (10.9%) of specimens were collected 
for non-Aboriginal people compared to Aboriginal people (2.2%) (Figure 6). 
Figure 6: Proportion of people presenting with gastroenteritis, by Aboriginal status and 
age group, Hunter New England Local Health District, 2009-2011 
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Cultural Predictors 
The majority of patients presenting with gastroenteritis were born in Australia (92.9%) 
(Figure 7) and spoke English as their first language (99%). The highest proportion of 
gastroenteritis cases that were born overseas were generally in the 60+ age groups 
(10.4%-15.7%). The 70-74 years age group had the highest proportion of 
gastroenteritis cases born overseas (27.3%) (Figure 7).  
Figure 7: Proportion of people presenting with gastroenteritis, by country of birth, Hunter 
New England Local Health District, 2009-2011 
 
There was little difference in the proportion of stool specimens collected for 
gastroenteritis cases between those who were born in Australia compared to those 
born overseas with approximately 10% of cases in both groups having a specimen 
collected (Table 3). There was no difference in specimen collection between the 
English and non-English speaking groups. Approximately 10% of both groups had a 
specimen collected (Table 3). 
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Table 3: Number and proportion of stool samples collected for people presenting with 
gastroenteritis by Aboriginal status, country of birth and language spoken, Hunter New 
England Local Health District, 2009-2011 
Predictor Number of 
gastroenteritis patients 
(n,%) 
Number of stool samples collected 
(n,%) 
Aboriginal status   
Aboriginal 90 (9.0) 2 (2.2) 
Non-Aboriginal 904 (90) 99 (10.9) 
Unknown 10 (1.0) 0 (0) 
Country of birth   
Australia 932 (92.8) 94 (10.1) 
Overseas 72 (7.2) 7 (9.7) 
Language spoken   
English 994 (99) 100 (10.1) 
Other 10 (1.0) 1 (10.0) 
 
Clinical Predictors 
A total of 53 (5.3%) gastroenteritis patients had dysentery (Table 4). A total of 102 
(10.2%) gastroenteritis patients had abdominal pain and 106 (10.6%) patients had 
fever (Table 4). Seven patients (4.6%) presented with both fever and abdominal pain. 
Gastroenteritis patients who had dysentery or fever had the highest proportion of 
specimens collected compared with gastroenteritis patients that had abdominal pain 
(Table 4). 
Table 4: Number and proportion of stool samples collected for people presenting with 
gastroenteritis, by clinical predictors, Hunter New England Local Health District, 2009-
2011 
Clinical Predictor Number of 
gastroenteritis patients 
(n,%) 
Number of samples collected (n,%) 
Dysentery 53 (5.3) 7 (13.2) 
Abdominal pain 102 (10.2) 10 (9.8) 
Dysentery and fever 5 (0.05) 0 (0) 
Fever 106 (10.6) 13 (12.3) 
Abdominal pain and fever 7 (0.07) 0 (0) 
 
Hospital Predictors 
The majority of gastroenteritis cases presented to a district hospital (50.5%), followed 
by a tertiary referral hospital (26%) and a rural referral hospital (23.9%) (Table 5). The 
majority (74.3%) of cases were also seen in ED and discharged from hospital with 
3.4% of cases referred to after-hours general practitioner (GP) services (Table 6). A 
small proportion (19%) were admitted to hospital and 2.5% of cases did not wait to be 
seen (Table 6).  
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A higher proportion (16.9%) of gastroenteritis cases who presented to a tertiary or 
referral hospital had a specimen collected compared with cases who presented to a 
rural (12.2%) or district (5.5%) hospital (Table 5). Gastroenteritis cases that were 
admitted also had a higher proportion (24.7%) of specimens collected compared to 
those cases who were discharged (7.2%) (Table 6). 
Table 5: Number and proportion of stool specimens collected for people presenting with 
gastroenteritis, by hospital type, Hunter New England Local Health District, 2009-2011 
Hospital Type Number of gastroenteritis 
patients (n,%) 
Number of samples collected (% of n) 
District 505 (50.2) 28 (5.5) 
Rural Referral 239 (23.8) 29 (12.2) 
Tertiary Referral 260 (26) 44 (16.9) 
Total 1004 (100) 101 (10.1) 
 
Table 6: Number and proportion of stool specimens collected for people presenting with 
gastroenteritis, by departure status, Hunter New England Local Health District, 2009-2011 
Departure Status Number of gastroenteritis 
patients (n) 
Number of samples collected 
(% of n) 
Seen in ED and discharged 751 54 (7.2) 
Referred to GP 34 0 (0) 
Admitted 190 47 (24.7) 
Did not wait to be seen 25 0 (0) 
Total 1000 101 (10.1) 
Footnote-ED*: Emergency Department GP: General Practitioner 
Pathogens 
A total of 101 stool specimens were collected. Pathogens were detected in 29/101 
(28.7%) specimens. The most frequently detected pathogen was Campylobacter 
(16/29), followed by Salmonella (8/29). The only virus detected in this study sample 
was adenovirus. Campylobacter and Salmonella were most frequently isolated in the 0-
9 years and 20-39 years age groups (Table 8). Adenovirus was detected exclusively in 
the 0-4 yrs age group (Table 8). 
Table 7: Pathogens isolated from stool specimens collected for people presenting with 
gastroenteritis, by pathogen, Hunter New England Local Health District, 2009-2011 
 Pathogens Isolated 
Pathogen Number of isolates (n) Proportion of positive faecal 
specimens(%) 
Campylobacter 16 55.2 
Salmonella 8 27.6 
Adenovirus 5 17.2 
Total 29 100.0 
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Table 8: Pathogens detected in stool specimens collected for gastroenteritis cases 
presenting to Hunter New England Emergency Departments by Age group, Hunter New 
England, 2009-2011  
Age group (yrs) Campylobacter Salmonella Adenovirus 
0-4 2 2 5 
5-9 2 2 0 
10-19 1 0 0 
20-29 4 1 0 
30-39 5 0 0 
40-49 0 2 0 
50-59 1 1 0 
60-69 1 0 0 
70-79 0 0 0 
80+ 0 0 0 
Total 16 8 5 
 
Analytical epidemiology 
Demographics 
In univariate analysis, there was no difference in specimen collection for males and 
females (OR 0.99, 95% CI 0.7-1.5) (Table 9). There was also no difference in 
specimen collection across the age groups (OR 1.05, 95% CI 0.98-1.13) (Table 9). The 
age group variable was not significant in the multivariable model (OR 0.9, 95% CI 0.9-
1.1) (Table 10). 
Cultural Predictors 
In univariate analysis there was no difference in specimen collection between those 
who were born in Australia and those born overseas (OR 1.04, 95% CI 0.5-2.3) (Table 
9). There was also no difference between those who spoke English and those who 
spoke another language (OR 0.99, 95% CI 0.1-7.9) (Table 9). Non-Aboriginal people 
were more likely to have a specimen collected than Aboriginal people (OR 5.4, 95% CI 
1.3-22.3) (Table 9). This remained statistically significant in the multivariable model 
(OR 4.5, 95% CI 1.04-19.4) (Table 10). 
Clinical Predictors 
In univariate analysis, no statistically significant association was detected between 
patients with dysentery and specimen collection (OR 1.4, 95% CI 0.6-3.1) (Table 9). 
There was also no statistically significant association identified between those patients 
who had gastroenteritis with fever and specimen collection (OR 1.3, 95% CI 0.7-2.4) 
(Table 9). The odds ratio was unable to be calculated for gastroenteritis cases who had 
symptoms of fever and abdominal pain or fever and dysentery as none of these cases 
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had a specimen collected. There was also no association between gastroenteritis with 
abdominal pain and specimen collection (OR 0.97, 95% CI 0.5-1.9) (Table 9).  
Hospital Predictors 
Patients who presented to a tertiary referral or rural referral hospital were more likely to 
have a specimen collected than patients who presented to district hospitals and this 
was statistically significant. In univariate analysis, the odds ratio for having a specimen 
collected in a tertiary referral hospital compared to a district hospital was 3.5 (95% CI 
2.1-5.7) and the odds ratio for having a specimen collected in a rural referral hospital 
was 2.4 (95% CI 1.4-4.1) (Table 9).  
This remained statistically significant in the multivariable model. In multivariable 
analysis, the odds ratio for having a specimen collected in a tertiary referral hospital 
compared to a district hospital was 2.4 (95% CI 1.4-4.3) and the odds ratio for having a 
specimen collected in a rural referral hospital was 2.5 (95% CI 1.5-4.3) (Table 10). 
There was a difference in specimen collection according to admission status. In 
univariate analysis, patients who were admitted to hospital were more likely to have a 
specimen collected than those patients who were seen in ED and discharged (OR 4.2, 
95% CI 2.7-6.5) (Table 9). This remained significant in multivariable analysis (OR 4.1, 
95% CI 2.5-6.7) (Table 10). 
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Table 9: Association between demographic, cultural and hospital predictors and stool 
specimen collection in 1000 patients presenting with gastroenteritis, univariate analysis, 
Hunter New England Local Health District, 2009-2011 
Predictor Odds ratio 95% Confidence 
Interval 
P-value 
Age 1.1 1.0-1.1 0.13 
Agegroup (reference 0-4 years)    
5-9 1.6 0.6-4.2 0.36 
10-19 0.3 0.1-1.3 0.12 
20-29 1.1 0.6-2.2 0.73 
30-39 1.5 0.7-3.1 0.24 
40-49 0.8 0.3-2.1 0.66 
50-59 1.6 0.7-3.6 0.25 
60-69 1.2 0.5-3.0 0.66 
70-79 2.0 0.9-4.3 0.09 
80+ 1.3 0.5-3.1 0.56 
    
Gender 1.0 0.7-1.5 0.98 
    
Country of Birth 1.0 0.5-2.3 0.92 
    
Language Spoken 1.0 0.1-7.9 1.00 
    
Aboriginal status (reference Aboriginal)    
Non-Aboriginal 5.4 1.3-22.3 0.02 
    
Clinical predictors    
Dysentery 1.4 0.6-3.1 0.44 
Fever 1.3 0.7-2.4 0.43 
Fever and abdominal pain Undefined   
Fever and dysentery Undefined   
Abdominal pain 1.0 0.5-1.9 0.93 
    
Hospital predictors (reference District)    
Tertiary referral hospital 3.5 2.1-5.7 <0.01 
Rural referral 2.4 1.4-4.1 <0.01 
    
Departure status (Seen and discharged 
from ED*) 
   
Admitted 4.2 2.7-6.5 <0.01 
Footnote-ED*:Emergency Department 
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Table 10: Association between demographic, cultural and hospital predictors and stool 
specimen collection in 1000 patients presenting with gastroenteritis, multivariable 
analysis, Hunter New England Local Health District, 2009-2011 
Predictor Odds 
ratio 
95% Confidence 
Interval 
Age 0.9 0.9-1.0 
Agegroup (reference 0-4 years)   
5-9 1.6 0.6-4.2 
10-19 0.3 0.1-1.3 
20-29 1.1 0.6-2.2 
30-39 1.5 0.7-3.1 
40-49 0.8 0.3-2.1 
50-59 1.6 0.7-3.6 
60-69 1.2 0.5-3.0 
70-79 2.0 0.9-4.3 
80+ 1.3 0.5-3.1 
   
Aboriginal status (reference Aboriginal)   
Non-Aboriginal 4.2 1.0-17.9 
   
Hospital group (reference District 
hospital) 
  
Rural referral hospital 2.4 1.4-4.2 
Tertiary referral hospital 2.5 1.5-4.3 
   
Departure Status (reference Seen and 
discharged from ED) 
  
Admitted 4.1 2.5-6.7 
Footnote-ED*: Emergency Department 
Results: Dysentery presentations 
Descriptive epidemiology 
After a manual review of all 11,978 cases (using a text search of any mention of the 
term blood (including variations of this term) and excluding any mention of respiratory 
illness or non-infectious aetiology) a total of 477 dysentery cases were identified. A 
total of 128 (26.8%) dysentery cases had a specimen collected. The average length of 
stay for a medical admission to a HNE hospital is four days.  
Demographics 
The highest proportion of dysentery presentations were in the 0-4 yrs age group (27%), 
followed by the 20-29yrs age group (19.9%) (Figure 8). The lowest proportion of 
dysentery cases were reported in the 80+yrs age group (4.2%) (Figure 8). Overall, 
there were more male dysentery presentations than female (53%). The greatest 
difference was in the 0-4 yrs age group and 20-29 yrs age group with approximately 
4% more males than females presenting with dysentery (Figure 8).  
 
 
170 
 
Figure 8: Proportion of people presenting with dysentery, by age and gender, Hunter New 
England Local Health District, 2009-2011 
 
There was no difference in the proportion of males and females who had a stool 
specimen collected, with approximately one third of males and females having a stool 
specimen collected (Table 11). The age groups that had the highest proportion of 
specimen collection was the 70-79yrs age group followed by the <19yrs age groups 
(Table 11). The age groups with the lowest proportion of specimen collection were the 
40-49yrs, 80+yrs and 20-29yrs age groups (Table 11). 
Table 11: Number and proportion of stool samples collected for patients presenting with 
dysentery, by gender and age group, Hunter New England Local Health District, 2009-
2011 
Predictor n (% of all gastroenteritis 
cases) 
Number of samples collected (% of 
n) 
Gender   
Male 251 (52.6) 79 (31.5) 
Female 226 (47.4) 68 (30.1) 
Age group   
0-4 129 (27) 48 (37.2) 
5-9 22 (4.6) 8 (36.4) 
10-19 32 (6.7) 12 (37.5) 
20-29 95 (19.9) 21 (22.1) 
30-39 52 (10.9) 17 (32.7) 
40-49 40 (8.4) 8 (20) 
50-59 33 (6.9) 8 (24.2) 
60-69 24 (5) 8 (33.3) 
70-79 30 (6.3) 13 (43.3) 
80+ 20 (4.2) 4 (20) 
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Cultural Predictors 
The majority (94.9%) of dysentery patients were identified as being non-Aboriginal with 
4.2% of cases identifying as Aboriginal (in less than 1% of cases Aboriginal status was 
unknown) (Figure 9). The highest proportion of dysentery cases identifying as 
Aboriginal was in the 0-4yrs and 20-29yrs age groups with just under half of all 
dysentery cases identifying as Aboriginal in these age groups (Figure 9). There was a 
small difference in stool specimen collection with 6.3% more Non-Aboriginal people 
having a stool specimen collected (Table 12). 
Figure 9: Proportion of people presenting with dysentery, by Aboriginal status, Hunter 
New England Local Health District, 2009-2011 
 
The majority of dysentery cases were born in Australia (94.5%) and spoke English as 
their first language (98%). The highest proportion of dysentery cases born overseas 
was in the 20-29yrs age group with 9 (1.9%) of cases nominating a country other than 
Australia as their country of birth (Figure 10). There was no difference between these 
two groups with 30.8% of cases in both groups having a stool specimen collected 
(Table 12). 
The 20-29yrs age group also had the highest proportion (0.6%) of dysentery cases that 
spoke a language other than English (Figure 11), followed by the 0-4yrs age group 
(0.4%) and the 60-79 age groups (0.6%). A higher proportion (55.6%) of dysentery 
cases who spoke a language other than English had a stool specimen collected 
compared to 30.3% of English speaking cases (Table 12). 
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Table 12: Number and proportion of stool samples collected for patients presenting with 
dysentery, by Aboriginal status, country of birth and language spoken, Hunter New 
England Local Health District, 2009-2011 
Predictor Number of dysentery 
patients (n,%) 
Number of samples collected (% of 
n) 
Aboriginality   
Aboriginal 20 (4.2) 5 (25) 
Non-Aboriginal 453 (95) 142 (31.3) 
Unknown 4 (0.8) 0 (0) 
Country of birth   
Australia 451 (94.5) 139 (30.8) 
Overseas 26 (5.5) 8 (30.8) 
Language spoken   
English 468 (98.1) 142 (30.3) 
Other 9 (1.9) 5 (55.6) 
 
Figure 10: Proportion of people presenting with dysentery, by country of birth, Hunter 
New England Local Health District, 2009-2011 
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Figure 11: Proportion of people presenting with dysentery, by language spoken, Hunter 
New England Local Health District, 2009-2011 
 
Clinical Predictors 
A total of 89/477 (18.6%) dysentery cases had abdominal pain and 54/477 (11.3%) had 
fever upon presentation (Table 13). Only 7/477 (1.5%) cases had both fever and 
abdominal pain upon presentation. These cases had the highest proportion (71.4%) of 
specimen collection (Table 13). 
Table 13: Number and proportion of stool specimens collected for patients presenting 
with dysentery, by clinical predictor, Hunter New England Local Health District, 2009-
2011 
Clinical Predictor Number of dysentery 
cases (n,%) 
Number of samples collected (% of n) 
Abdominal pain 89 (18.6) 31 (34.8) 
Fever 54 (11.3) 22 (40.7) 
Abdominal pain and fever 7 (1.5) 5 (71.4) 
 
Hospital Predictors 
The majority of cases (40%) presented to a district hospital with 33% presenting to a 
rural referral hospital and 27% of cases presenting to a tertiary referral hospital (Table 
14). A total of 371 (77.7%) dysentery presentations were seen and discharged from the 
ED whilst 79 (16%) of presentations were admitted to hospital and approximately 2% of 
presentations did not wait to be seen (Table 15). 
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Dysentery cases that presented to a tertiary or rural referral hospital had a higher 
proportion of stool specimens collected (43.4% and 36% respectively) compared to 
dysentery cases that presented to a district hospital (22%) (Table 14). Dysentery cases 
that were admitted also had a higher proportion of specimens collected (36.7%) 
compared to dysentery cases that were not admitted (29.9%) (Table 15). The majority 
of specimens (66%) were collected in the ED (Table 16).  
Table 14: Number and proportion of stool specimens collected for patients presenting 
with dysentery, by hospital type, Hunter New England Local Health District, 2009-2011 
Hospital Type Number of dysentery 
presentations (n,%) 
Number of specimens collected 
(% of n) 
District 191 (40) 42 (22) 
Rural Referral 127 (26.6) 36 (28.3) 
Tertiary Referral 159 (33.3) 69 (43.4) 
Total 477         147 (30.8) 
 
Table 15: Number and proportion of stool specimens collected for patients presenting 
with dysentery, by departure status, Hunter New England Local Health District, 2009-2011 
Departure Status Number of dysentery 
presentations (n,%) 
Number of specimens collected 
(% of n) 
Seen in ED* and discharged 371 (77.7) 111 (29.9) 
Referred to GP* 21 (4.4) 7 (33.3) 
Admitted 79 (16.6) 29 (36.7) 
Did not wait to be seen 6 (1.3) 0 (0) 
Total 477 147 (30.8) 
Footnote: ED*-Emergency Department, GP*- General Practitioner 
Table 16: Number and proportion of stool specimens collected for patients presenting 
with dysentery, by ward of specimen collection, Hunter New England Local Health 
District, 2009-2011 
Ward of specimen collection Number of specimens collected 
(% of total) 
ED* 97 (66) 
Medical ward 18 (12.2) 
Surgical ward 8 (5.4) 
GPAAH* 7 (4.8) 
OP* 6 (4.1) 
Critical Care 1 (0.7) 
Total  147(100) 
 Footnote: ED*-Emergency Department, GPAH*-General Practitioner Access After Hours, OP*-
Outpatients 
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Pathogens 
A total of 147 stool specimens were collected. Pathogens were detected in 69 (46.9%) 
specimens. The most frequently detected pathogen was Campylobacter, followed by 
Salmonella. Rotavirus and adenovirus were also detected (2.9% and 1.5% 
respectively) (Table 17). Campylobacter and Salmonella were most frequently isolated 
in the 0-4 years age group and 20-29 years age groups (Table 18). Rotavirus was 
detected exclusively in the 0-4 yrs age group (Table 18). One case of adenovirus was 
detected in the 0-4yrs age group (Table 18). 
Table 17: Number and proportion of pathogens isolated from stool specimens collected 
for patients presenting with dysentery, by pathogen, Hunter New England Local Health 
District, 2009-2011 
 Pathogens Isolated 
Pathogen Number of 
isolates 
% of total positive 
specimens  
Campylobacter 44 63.8 
Salmonella 17 24.6 
Aeromonas 3 4.3 
Clostridium difficile (non-toxigenic) 2 2.9 
Rotavirus 2 2.9 
Adenovirus 1 1.5 
Total         66 100 
 
Table 18: Number of pathogens isolated from stool specimens collected for patients 
presenting with dysentery, by age group, Hunter New England, 2009-2011  
Age 
group 
(yrs) 
Campylobacter Salmonella Aeromonas Clostridium 
difficile 
(non-toxic) 
Rotavirus Adenovirus 
0-4 14 8 2 0 2 0 
5-9 3 2 0 0 0 1 
10-19 3 3 0 0 0 0 
20-29 12 1 0 0 0 0 
30-39 4 2 0 0 0 0 
40-49 3 1 0 0 0 0 
50-59 4 0 0 0 0 0 
60-69 1 0 0 0 0 0 
70-79 0 0 0 2 0 0 
80+ 0 0 0 0 0 0 
Total 44 17 2 2 2 1 
 
Analytical epidemiology 
Demographics 
The age groups with the lowest proportion of specimen collection were the 40-49yrs, 
80+yrs and 20-29yrs age groups and this was statistically significant for the 20-29yrs 
and 40-49yrs age groups in univariate analysis. In univariate analysis, the OR for 
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specimen collection in the 20-29 years age group was 0.5 (95% CI 0.3-0.9) and the OR 
for the 40-49 years age group was 0.4 (95% CI 0.2-0.99) (Table 19).  
In multivariable analysis, the OR for specimen collection in the 20-29yrs age group was 
0.4 (95% CI 0.2-0.8) and the OR for specimen collection in the 40-49yrs age group was 
also 0.4 (95% CI 0.2-0.9) (Table 20). There was no difference between males and 
females. There was also no statistically significant association between Aboriginal 
status and specimen (OR-0.7, 95% CI 0.3-1.4) (Table 19). 
Cultural Predictors 
There was no difference in the proportion of specimens collected by country of birth. 
This was also reflected in univariate analysis with an OR of 1.0 (95% CI 0.42-2.35, 
p=1.0) (Table 19). There was a difference in the proportion of specimens collected for 
people who spoke a language other than English and people who spoke English 
(55.6% vs 30.3%). This was not significant in univariate or multivariable analysis (OR-
2.9, 95% CI 0.76-10.84) (Table 20).  
Clinical Predictors 
There was little difference in specimen collection between dysentery cases that did and 
did not have abdominal pain. In univariate analysis, the OR for having a specimen 
collected if abdominal pain was present was 1.25 (95% CI 0.77-2.04) (Table 19).There 
was a small difference in specimen collection between dysentery cases that did and did 
not have fever, however this was not statistically significant in univariate analysis (95% 
CI 0.92-2.93) (Table 19). The combination of fever and abdominal pain in relation to 
specimen collection was significant in univariate analysis (OR 5.8, 95% CI 1.1-30.1), 
however was not significant in the multivariable model (OR 6.0, 95% CI 0.9-40.7) 
(Table 20). 
Hospital Predictors 
There was a difference in specimen collection by hospital type with a higher proportion 
of specimen collection occurring in tertiary hospitals. In univariate analysis this result 
was statistically significant. (OR 2.7, 95% CI 1.7-4.3) (Table 19). This remained 
significant in multivariable analysis (OR 2.7, 95% CI 1.7-4.5) (Table 20). 
There was a small difference in specimen collection according to admission status with 
a higher proportion of admitted dysentery cases having a specimen collected, however 
this was not significant in univariate analysis (OR 1.35, 95% CI 0.81-2.23) or 
multivariable analysis (OR 1.3, 95% CI 0.7-2.2)(Table 20).  
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Table 19: Association between demographic, cultural and hospital predictors and stool 
specimen collection for people presenting with dysentery, univariate analysis, Hunter 
New England, 2009-2011 
Predictor Odds 
ratio 
95% Confidence 
Interval 
P-value 
Age 0.9 0.9-1.0 0.20 
Age group (years) (reference 0-4yrs)    
5-9 1.0 0.4-2.5 0.94 
10-19 1.0 0.5-2.3 0.98 
20-29 0.5 0.3-0.9 0.02 
30-39 0.8 0.4-1.6 0.57 
40-49 0.4 0.2-1.0 0.05 
50-59 0.5 0.2-1.3 0.17 
60-69 0.8 0.3-2.1 0.72 
70-79 1.3 0.6-2.9 0.54 
80+ 0.4 0.1-1.3 0.14 
    
Gender 1.0 0.6-1.4 0.74 
    
Aboriginal status (reference non-
Aboriginal) 
   
Aboriginal 0.7 0.3-1.4 0.28 
    
Country of birth 1.0 0.4-2.4 1.10 
    
Language spoken (reference English)    
Language other than English 2.9 0.8-10.8 0.12 
    
Fever  1.6 0.9-2.9 0.10 
    
Fever and abdominal pain 5.8 1.1-30.1 0.04 
    
Abdominal pain 1.3 0.8-2.0 0.36 
    
Hospital group (reference District 
hospital) 
   
Rural referral hospital 2.7 1.7-4.3 <0.01 
Tertiary referral hospital 1.4 0.8-2.4 0.20 
    
Departure Status (reference Discharged)    
Admitted 1.4 0.8-2.2 0.25 
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Table 20: Association between demographic, cultural and hospital predictors and stool 
specimen collection for people presenting with dysentery, multivariable analysis, Hunter 
New England, 2009-2011 
Predictor Odds 
ratio 
95% Confidence 
Interval 
Age 0.9 0.9-1.0 
Age group (years) (reference 0-4yrs)   
5-9 1.0 0.4-2.8 
10-19 1.0 0.4-2.2 
20-29 0.4 0.2-0.8 
30-39 0.8 0.4-1.7 
40-49 0.4 0.2-0.9 
50-59 0.7 0.3-1.7 
60-69 0.7 0.3-2.0 
70-79 1.2 0.5-2.9 
80+ 0.4 0.1-1.3 
   
Aboriginal status (reference Aboriginal)   
Non-Aboriginal 1.2 0.4-3.5 
   
Language spoken (reference LOTE)   
English 1.9 0.5-7.6 
   
Fever  1.2 0.6-2.4 
   
Fever and abdominal pain 1.3 0.7-2.3 
   
Hospital group (reference District 
hospital) 
  
Rural referral hospital 2.7 1.7-4.5 
Tertiary referral hospital 1.4 0.8-2.4 
   
Departure Status (reference Discharged)   
Admitted 1.3 0.7-2.1 
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Discussion 
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Demographics 
The demographic distribution of all gastroenteritis cases in this sample is consistent 
with the most recent national gastroenteritis survey.6 The highest proportion of 
gastroenteritis presentations were in the 0-4 yrs age group, followed by the 20-29 years 
and 30-39 years age groups. The first national gastroenteritis survey found that women 
who were aged 20 to 40 and had a child with gastroenteritis in the house had an 
increased risk of contracting gastroenteritis so it is likely that the demographics of this 
study reflect children and their primary carers.2  
The lowest proportion of specimen collection occurred in the 20-29yrs and 40-49yrs 
age groups which was significant in both univariate and multivariable analysis but only 
in dysentery cases. This may have been due to small numbers. The proportion of 
specimen collection was low among these two age groups in all gastroenteritis cases 
when compared to other age groups. This finding indicates that these age groups are 
the least likely to have a specimen collected when they present to an emergency 
department in the HNE region with infectious gastroenteritis.  
This finding is important for a number of reasons. The most important reason is that 
correct identification of a pathogen can help with prompt treatment to prevent long term 
complications from infection with enteric pathogens.7 Another reason is the possibility 
that people in these age groups represent the highest disease burden and have young 
children in their care.2 Their presentation may be an indicator of additional cases in 
children in their care or alternatively, may pose an infection risk to this vulnerable 
group. 
An additional reason this finding is important is that, in this study, the highest proportion 
of dysentery cases that were born overseas and spoke a language other than English 
were in the 20-29yrs age group. This group may represent young travelers, overseas 
students, working migrants or refugees. Travel has been found to be associated with 
the presence of bacterial pathogens in stool culture so it is possible this group of 
people may have come from countries where bacterial pathogens such as Shigella and 
Typhoidal Salmonella are endemic.17 Young travelers are also among the groups least 
likely to seek travel advice which puts them at greater risk of contracting infectious 
gastroenteritis.21,22,23 People returning to visit family and friends in their country of birth 
are another group who are least likely to follow travel advice and so the risk of people 
in this group contracting infectious gastroenteritis is also increased.23 
 
181 
 
This means that episodes of overseas acquired enteric infections such as Typhoidal 
Salmonella, Shigella and some non-typhoidal Salmonella varieties may be missed. The 
implications of this may be ongoing transmission of these pathogens in the Australian 
community and an undercount of these enteric pathogens in Australia.  
This undercount of enteric pathogens impacts on the surveillance of these pathogens 
and therefore the ability to determine the burden of disease in the community and 
detect outbreaks. An Australian study that estimated the incidence of Salmonella, 
Campylobacter and Shiga-toxin producing Escherichia coli in the community 
determined that 85-90% of gastroenteritis cases caused by these pathogens go 
unreported each year.5 This represents a large knowledge gap in relation to the 
underlying source of infection and a missed opportunity for public health intervention as 
people affected by these pathogens are regularly interviewed to obtain exposure 
information.24 It also represents a missed opportunity for the development of public 
health policies to reduce the burden of disease.5 
Cultural Predictors 
Aboriginal people were over-represented in all gastroenteritis cases. The proportion of 
all gastroenteritis cases who identified as Aboriginal was 9%. This is in comparison to 
the Aboriginal population in the HNE region which is 4%. For all gastroenteritis cases, 
Aboriginal people were less likely to have a specimen collected than non-Aboriginal 
people and this was significant in both univariate and multivariable analysis.  
For all dysentery cases, however, the findings for Aboriginal people differed. Aboriginal 
people were not over-represented in the dysentery sample. There was also very little 
difference in the proportion of Aboriginal people who had a stool specimen collected in 
comparison to Non-Aboriginal people and this was reflected in univariate and 
multivariable analysis. There are a number of reasons that this difference may have 
occurred. One is the small numbers in the dysentery sample; there may have not been 
enough numbers in the data set to detect a difference.  
Another reason is that dysentery may be a confounder for Aboriginal status. Dysentery 
was found to be a predictor of stool specimen collection in the pilot study and although 
there was no statistically significant association between dysentery and specimen 
collection in the analysis of all gastroenteritis cases, a higher proportion of all 
gastroenteritis cases with dysentery had a specimen collected compared to all 
gastroenteritis cases who had other gastroenteritis symptoms. 
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Age may also be a confounder for Aboriginal status. Most of the dysentery cases who 
identified as Aboriginal occurred in the 0-4yrs and 20-29yrs age groups which follows 
the distribution of all gastroenteritis cases. 
An additional reason for the difference may be the health disadvantage experienced by 
Aboriginal people in terms of disease burden and access to health care. The difference 
may signify an increased burden of gastrointestinal illness in Aboriginal communities 
attributable to viral rather than bacterial pathogens. The difference may also signify that 
there are barriers for Aboriginal people in the Hunter New England region seeking 
health care outside of the hospital setting as gastroenteritis is often a self-limiting 
illness that can be managed in the community by local general practitioners. An 
Australian study that examined the use of emergency departments found that the use 
of emergency departments by Aboriginal people was double that of non-Aboriginal 
people, even when the poor health of Aboriginal people was taken into account.25 
The majority of gastroenteritis cases in this sample was born in Australia and spoke 
English as their first language. As there were only small numbers of people who were 
born overseas and spoke a language other than English it is difficult to interpret trends 
across age groups. The distribution of gastroenteritis cases who were born overseas 
appears to follow the observed trend in all gastroenteritis cases across the age groups. 
This suggests age, rather than country of birth is driving this distribution. The numbers 
of gastroenteritis cases in this sample who spoke a language other than English was 
too small to comment on. 
Clinical Predictors 
A small proportion (5.3%) of all gastroenteritis cases had dysentery. This is a smaller 
proportion than what was found in the pilot study (10%), but is likely to reflect the size 
of the data set used and the different methods used to detect dysentery cases. In 
previous Australian studies that examined gastroenteritis cases presenting to hospital, 
up to 21% of cases were found to have dysentery, however, the study was based on a 
paediatric population.13 The most recent national gastroenteritis survey indicated that 
2.9% of community gastroenteritis cases experienced dysentery.6 The 10% proportion 
detected in the pilot study is likely to be an underestimate due to the limitations of only 
using triage text and not the full clinical record, however is close to the 15% dysentery 
estimates of studies in the US that have examined the aetiology of gastroenteritis 
cases presenting to hospital in both adult and paediatric populations.16,17 
In the main epidemiological study none of the all gastroenteritis cases who experienced 
dysentery had a specimen collected, so an association was unable to be calculated. 
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This result highlights the low proportion of specimen collection for dysentery cases. 
There was also no association between clinical symptoms such as fever and stool 
specimen collection either on their own or in combination.  
These findings differ to the pilot study which detected an association between 
dysentery and stool specimen collection, particularly when in combination with fever. 
Studies in both Australia and the US have determined that dysentery is an important 
predictor of stool specimen collection.5,19 In the US study, fever was also found to be an 
important predictor of stool specimen collection.19  
In the main epidemiological study, dysentery cases who experienced fever and 
abdominal pain had a higher proportion of specimens collected compared to dysentery 
cases who had other symptoms.  This was significant in univariate analysis but not in 
multivariable analysis, however this is likely a reflection of the small numbers of cases.  
Hospital Predictors 
The majority of all gastroenteritis and dysentery cases presented to the district 
hospitals, followed by the rural and tertiary referral hospitals. This may indicate that 
dysentery doesn’t impact on the type of hospital that people present to and likely 
reflects convenient access to health care as the district hospitals outnumber the rural 
and tertiary referral hospitals.  
The hospital type with the lowest proportion of specimen collection was the district 
hospital, followed by the tertiary referral and then rural referral hospital. This was 
statistically significant in univariate and multivariable analysis. The odds of specimen 
collection for all gastroenteritis cases who presented to the larger rural referral and 
tertiary referral hospitals was twice that of gastroenteritis cases who presented to the 
smaller satellite district hospitals throughout the HNE region. This may be a reflection 
of the capacity of the district hospitals to collect specimens as the district hospitals are 
smaller and have fewer resources than the larger referral hospitals.It may also reflect 
the availability of access to timely pathology services however most of the district 
hospitals have a laboratory service within the hospital. 
Admission status impacted on stool specimen collection for all gastroenteritis cases but 
not dysentery cases. The odds of having a specimen collected for all gastroenteritis 
cases who were admitted to hospital were four times that of gastroenteritis cases that 
were seen and discharged from ED. This may reflect a resource issue in relation to 
staffing and time constraints. It may also indicate that admission status is a confounder 
for dysentery as there was no difference in specimen collection for dysentery cases 
between those who were admitted to hospital and those who were discharged from ED. 
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This supports dysentery as the main influence on specimen collection, rather than 
admission status. 
The ED appeared to have an important role in stool specimen collection for dysentery 
cases with 66% of specimens collected in ED. This indicates that targeting HNE EDs 
for stool specimen collection may be an appropriate public health strategy. 
Pathogens 
The most frequently isolated bacterial pathogens were Campylobacter and Salmonella 
whilst rotavirus and adenovirus were also identified. This is consistent with previous 
Australian studies that have examined the aetiology of infectious gastroenteritis 
presentations to hospital.13,14 A higher number of viral detections were made in all 
gastroenteritis cases compared to dysentery cases whilst a greater proportion and 
variety of bacterial pathogens were isolated from dysentery cases compared to all 
gastroenteritis cases, emphasising the significance of dysentery. Viral pathogens were 
more frequently detected in the 0-9 yrs age group which is also consistent with 
previous Australian studies.13,14,15 Overall, Campylobacter was more frequently isolated 
from cases in the 0-4yrs and 20-29yrs age groups and Salmonella was more frequently 
isolated in the 0-9yrs age groups.  
Study Limitations  
There were a number of limitations to this study. The initial search terms used to detect 
gastroenteritis cases may not have captured all the available infectious gastroenteritis 
cases from the PHREDSS data base, however terms such as stool and diarrhoea have 
been used to describe infectious gastroenteritis and the age distribution is similar to 
that of the most recent national gastroenteritis survey.2,6,15 In addition, the age 
distribution of dysentery cases was similar to that of all gastroenteritis cases, indicating 
that the gastroenteritis cases are likely to be infectious rather than non-infectious.  
Another limitation is the use of ED triage text to obtain clinical information such as 
blood in stool. It is likely that using the triage text to detect clinical symptoms such as 
blood in stool underestimates the number of cases as blood may not be documented 
by the triage nurse due to space restrictions, the patient may neglect to tell the triage 
nurse or the blood may not be visible and the patient may not be aware it is present.  
Another limitation is the ability of the laboratories to detect pathogens and the 
availability of laboratory information. The data provided by the laboratories in this study 
is influenced by the ability of the laboratories to detect enteric pathogens and the 
testing practices of each individual laboratory. The results of the study, however, reflect 
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pathogens identified in previous studies.13,14 In this study, information on STEC cases 
was unavailable, so it is possible that more pathogens were detected, however the 
impact would have been minimal as there are only a few cases in HNE each year.  
Small numbers may have affected the outcomes of this study. There were only a small 
number of dysentery cases identified in the data. This may have caused the study to be 
underpowered and under-estimate the effect of association.  
Conclusion 
Dysentery is a strong indicator of infection with a bacterial pathogen. The low 
proportion of specimen collection in dysentery cases indicates that reports of cases of 
gastroenteritis caused by pathogens such as Salmonella, Campylobacter, Shigella and 
Escherichia Coli may be being missed. Whilst Aboriginal status, hospital type and 
admission status are predictors of stool specimen collection for all gastroenteritis 
cases, the predictors of stool specimen collection for dysentery cases were found to be 
age group and hospital type. Improving access to, and promoting current guidelines 
provided by HNE OFN may assist in improving stool specimen collection. Focussing 
specimen collection efforts on the 20-29yrs and 40-49yrs age groups may also 
contribute to improving stool specimen collection and surveillance in the HNE region.  
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Recommendations 
The following recommendations have been made as a result of this study: 
Recommendation 1: Further exploration of the impact of Aboriginal status (i.e. 
Stratification analysis, exploration of cultural taboos) 
Recommendation 2: Target stool specimen collection towards people aged 20-29 
years presenting to HNE EDs with dysentery 
Recommendation 3: Promote stool specimen collection in HNE EDs for people 
presenting with dysentery, with a focus on district hospitals 
Recommendation 4: Develop a stool specimen collection policy compliance 
procedure for HNELHD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
187 
 
References 
1. Ford L, Kirk M, Glass K, Hall G. Sequelae of Foodborne Illness caused by 5 
Pathogens, Australia, Circa 2010. Emerg Infect Dis [Internet]. 2014 Nov. Available at: 
http://wwwnc.cdc.gov/eid/article/20/11/13-1316_article   Accessed 20/01/2015 
2. Hall G, Kirk M, Ashbolt R, et al. Frequency of infectious gastrointestinal illness in 
Australia, 2002: regional, seasonal and demographic variation.  Epidemiol Infect. 
2006;134 (1):111-8. 
3. Hellard M, Sinclair M, Harris A, et al. Community Gastroenterology: Cost of 
Community Gastroenteritis.  J Gastroenterol Hepatol. 2003;18:322-328. 
4. Mandell G, Bennett J, Dolin R. Mandell, Douglas, and Bennett’s Principles and 
Practice of infectious Diseases. 2010. 7th Ed.  
5. Hall G, Yohannes K, Raupach J, et al. Estimating Community Incidence of 
Salmonella, Campylobacter, and Shiga Toxin-producing Escherichia coli Infections, 
Australia.  Emerg Infect Dis. 2008;14(10):1601-9. 
6. Kirk M, Glass K, Ford L, Brown K et al. Foodborne illness in Australia: Annual 
incidence circa 2010.[document on internet]. 2014. Canberra; Department of Health. 
Available at: 
http://www.health.gov.au/internet/main/publishing.nsf/Content/E829FA59A59677C0CA
257D6A007D2C97/$File/Foodborne-Illness-Australia-circa-2010.pdf  Accessed 
20/01/2015 
7. Moore HC, Manoharan KR, Lim FJ, et al. Diverging trends in Gastroenteritis 
Hospitalisations During 2 Decades in Western Australian Aboriginal and Non-Aboriginal 
Children. Pediatr Infect Dis J. 2013;32(11). 
8. Carville KS, Lehmann D, Hall G, et al. Infection Is the Major Component of the 
Disease Burden in Aboriginal and Non-Aboriginal Australian Children. Pediatric Infect 
Dis J. 2007;26(3). 
9. Buttery JP, Lambert SB, Grimwood K, et al. Reduction in rotavirus-associated acute 
gastroenteritis following introduction of rotavirus vaccine into Australia’s National 
Childhood Vaccine Schedule. Paediatr Infect Dis J. 2011;30:S25-S29. 
10. Snelling TL, Markey P, Carapetis JR, et al. Rotavirus in the Northern Territory 
before and after vaccination. Microbiology Australia. 2012. 33: 61-63. 
188 
 
11. Greene S, Huang J, Abrams A, et al. Gastrointestinal Disease outbreak Detection 
Using Multiple Data streams from Electronic Medical Records. Foodborne Pathog Dis. 
2012;9(5):431-41. 
12. The Royal college of Pathologists of Australasia. RCPA Manual [document on 
internet]. Diarrhoea. 2010. Available at 
http://rcpamanual.edu.au/index.php?option=com_clinical&task=show_clinical&id=185&I
temid=27 Accessed 11/07/2012 
13. Fletcher S, Van Hal S, Andresen D, et al. Gastrointestinal pathogen distribution in 
symptomatic children in Sydney, Australia. Epidemiol Glob Health. 2013;3:11-21. 
14. Barnes GL, Uren E, Stevens KB, et al. Etiology of acute gastroenteritis in 
hospitalized children in Melbourne, Australia, from April 1980 to march 1993. J Clin 
Microbiol.1998;36(1):133-138. 
15. Sinclair MI, Hellard ME, Wolfe R, et al. Pathogens causing community 
gastroenteritis in Australia. J Gastroenterol Hepatol. 2005; 20(11):1685-1690. 
16. Brese J, Marcus R, Venezia R, et al. The Etiology of Severe Acute gastroenteritis 
Among Adults Visiting Emergency Departments in the United States. J Infect Dis. 
2012;205:1374-81. 
17. Klein EJ, Boster DR, Stapp JR, et al. Diarrhea Etiology in a Children’s Hospital 
Emergency Department: A Prospective Cohort Study. Clin Infect Dis. 2006;43:807-814. 
18. Hall G, Yohannes K, Raupach J, Becker N, et al. Estimating Community Incidence 
of Salmonella, Campylobacter, and Shiga Toxin-producing Escherichia coli Infections, 
Australia. Emerg Infect Dis. 2008;14(10):1601-9. 
19. Talan D, Moran G, Newdow M et al. Etiology of Bloody Diarrhea among Patients 
Presenting to United States Emergency Departments: Prevalence of Escherichia coli 
O157:H7 and Other Enteropathogens. Clin Infect Dis. 2001;32(4):573-580. 
20. Statacorp.2011.Stata Statistical Software: Release 11. College Station, TX: 
StataCorp LP. 
21. Carroll B, Daniel A, Behrens R. Travel health. Part 1: preparing the tropical 
traveller. Br J Nurs. 2008;17(16) :1046-1051. 
22. Evans M, Schickle D, Horgan M. Travel illness in British package holiday tourists: 
prospective cohort study. J Infect. 2001;43(2):140-147. 
189 
 
23. Wong C, Behrens R. Travel health: Part 2: advising travellers visiting friends and 
relatives abroad. Br J Nurs. 2008;17(17):1099-1103. 
24. OzFoodNet Working Group. Monitoring the incidence and causes of diseases 
potentially transmitted by food in Australia: Annual Report of the OzFoodNet Network, 
2010. Commun Dis Intell 2012;36(3):E213–E241. 
25. Thomas DP, Anderson IP. Use of emergency departments by Aboriginal and 
Torres Strait Islander people. Emerg Med Australas. 2006;18:68-76. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
190 
 
Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
191 
 
Appendix One 
PILOT STUDY 
Background 
Infectious gastroenteritis causes a large burden of disease in the Australian 
community.1 Infectious gastroenteritis is usually a self-limiting disease but infection with 
bacterial enteropathogens such as Salmonella, Campylobacter and Shigella can lead 
to chronic and serious conditions such as reactive arthritis, irritable bowel disease, 
Guillian Barre syndrome and even death in some cases which impacts heavily on the 
Australian health system.2,3 
There are a number of bacterial, viral and parasitic pathogens that contribute to the 
burden of infectious gastroenteritis in Australia. Surveillance of some of these 
pathogens is made possible through the detection and mandatory reporting of these 
pathogens to state and territory health authorities by clinicians and laboratories, 
however, surveillance of these pathogens relies on the submission of stool samples 
from infectious gastroenteritis cases to the laboratory for analysis. 
During an outbreak of Salmonellosis in the Hunter New England (HNE) region in 2012, 
the OzFoodNet team in the HNE Local Health District (LHD) identified patients with 
dysentery presenting to emergency departments (ED) who did not have stool 
specimens sent for microbiological analysis, despite the patients reporting to clinicians 
that they were part of a gastroenteritis outbreak. 
As surveillance of enteropathogens relies on the submission of stool samples collected 
from infectious gastroenteritis cases. Therefore, collection of stool samples at the time 
of presentation to hospital is important. With the recognition that collecting a stool 
sample from every case of infectious gastroenteritis presenting to hospital might not be 
cost, time or resource efficient, targeting cases of infectious gastroenteritis that have 
dysentery may be a way to increase the yield of enteropathogens and improve 
surveillance.  
Literature describing stool specimen collection from cases of infectious gastroenteritis 
presenting to Australian hospitals is scant, as is literature that describes or explores the 
predictors of stool specimen collection for these cases. This study will provide baseline 
information on stool specimen collection for cases of infectious gastroenteritis to EDs in 
a regional area of New South Wales (NSW), Australia. 
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Methods 
Emergency department data 
This study was a retrospective cohort study linking ED data to laboratory data. Data for 
all gastroenteritis presentations for the study period January 1 2009- December 31 
2011 inclusive was extracted from the PHREDSS database for all HNELHD EDs using 
a text search method. Records where the words “diar” or “gastro” or “stool” or “melena” 
or “melena” appeared in the triage text or presenting problem were selected. A total of 
50,240 records were subsequently identified.  
The first stage of the project was a pilot study of 5000 records (10%) that utilised three 
main variables in the data set. This study is the topic of this component of the chapter. 
These variables were diagnosis description (ICD10 hospital discharge diagnosis code), 
presenting problem (the main feature of the ED presentation selected from a drop-
down list provided by the triage software) and nursing assessment (triage text). In order 
to identify cases of infectious gastroenteritis, these three variables were used to 
exclude cases of likely non-infectious cases of gastroenteritis. The exclusion process is 
depicted in Figure 1. 
The cases were first excluded by diagnosis description. Diagnosis description is the 
principal diagnosis given to hospital patients. Cases were excluded if there was a 
principal diagnosis that offered an alternative aetiology to an infectious gastroenteritis 
illness. An example of this was the diagnosis “Diarrhoea and Gastroenteritis, Non-
infectious origin”. Cases were also excluded by principal diagnosis where the principal 
diagnosis appeared unrelated to infectious gastroenteritis. An example of this was a 
principal diagnosis of injury where the search term “stool” had detected ED records 
where people had injuries relating to “furniture stools” rather than “faecal stools”. All 
records that had a diagnosis description of ‘Did Not Wait’ were also excluded as a 
person who did not wait to be seen couldn’t be reasonably expected to provide a stool 
sample. 
The next stage of exclusion was by presenting problem. The presenting problem is the 
problem category that is chosen by the triage nurse in the ED that most closely fits with 
the patients’ presenting symptoms. Cases were excluded if the presenting problem 
offered an alternative explanation to infectious gastroenteritis. An example of this was 
“Chemotherapy/haematology, complication of”. Cases were also excluded by 
presenting problem if they were unrelated to infectious gastroenteritis. An example of 
this was “constipation” where the search term stool appeared but the record was 
clearly unrelated to infectious gastroenteritis. All records where the presenting problem 
was missing were also excluded as this variable was used in the analysis.  
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The third stage of exclusion was a keyword/key phrase text search of the data set that 
detected all records with the matching words. Words used included gastroenteritis, 
gastro symptoms, diarrhoea, vomiting, loose stools, melena, vomiting and diarrhoea, 
blood in stool, PR bleeding with all variations in spelling. Records that did not contain 
these words/phrases were reviewed and discarded.  
The fourth stage was to exclude all of the records that indicated no or nil 
diarrhoea/vomiting/gastro symptoms. This was performed by key phrase text search to 
detect records that contained the key phrases with all variations of spelling. The 
records were then reviewed for accuracy. Further key phrase text searches were 
performed to detect records that were unrelated to infectious gastroenteritis. Examples 
of these key words or phrases included “IV heroin”, “social admission” and “ETOH” (ie. 
Alcohol). 
Further key word text searches were then performed to detect records that indicated a 
patient had bloody diarrhoea, abdominal pain or fever. A keyword search was also 
performed to identify patients with vomiting. As the study is focussed on stool specimen 
collection, the proportion of patients who had vomiting but not diarrhoea was 
calculated. Variables were recoded as dichotomous variables where possible for 
statistical analysis. The variable “age” was recoded into age groups to observe the 
distribution of gastroenteritis across age groups. Age groups were chosen based on 
the age groups used by PHREDSS. 
Laboratory Data 
Information on stool specimens was obtained from the two laboratories that service 
HNE hospitals, Pathology North and Sydpath. There are a number of pathogens that 
are tested for by both laboratories. Initially, at both laboratories, microscopy is 
performed on a wet film is prepared from the stool sample. Both laboratories then 
routinely conduct stool culture for Salmonella, Campylobacter and Shigella.  
At Pathology North, if excessive white cells are seen when microscopy of the stool 
sample is performed, the sample is also cultured for Yersinia enterocolitica and 
Aeromonas. Additionally, if travel is documented on the stool test request form, the 
sample will also be tested for Vibrio cholerae. At Sydpath, routine culture also includes 
Aeromonas and Plesiomonas shigelloides. Additionally, Sydpath also culture for 
Yersinia enterocoltica if the patient is less than 10 years of age and, similar to 
Pathology North, also culture for Vibrio cholerae if there is a history of travel on the 
stool test request form.  
194 
 
Pathology North routinely tests for Shiga-toxin Escherichia-coli if excessive red cells 
are seen on microscopy, however Sydpath only performs this test if requested or 
clinically indicated. Pathology North also routinely tests for giardia and cryptosporidium 
on all stool samples and Sydpath only performs these tests if requested or if the 
pathogen is seen on microscopy. Both laboratories perform routine rotavirus and 
adenovirus testing on all patients less than five years of age but only on request if 
older. Norovirus is also only tested for by both laboratories when requested or when an 
outbreak is suspected. 
Data on all stool specimens collected during the study period was obtained from the 
two electronic information management systems, i.e. AUSLAB™ and ULTRA™ of the 
laboratories that service HNE hospitals, i.e. Pathology North and Sydpath respectively. 
Pathology North services hospitals both in and outside of the HNE region. Records that 
were from outside of the HNE region were identified by the pre-fix on the record; these 
records were deleted. A total of 48,000 records were identified.  
The Pathology North laboratory data comes from different laboratory divisions within 
HNE and therefore not all of the laboratory records contained the area HNE medical 
record number (MRN) that was required for the data merge. The Pathology North 
records do however, contain a HNE MRN that is unique to the different laboratory 
divisions and these MRNs can be used to determine the area HNE MRN. All records 
containing a MRN from the different laboratory divisions within HNE were sent to the 
HNE information technology (IT) services for conversion to the area MRN. Duplicate 
records were then deleted. 
As Sydpath is a private laboratory, there was no MRN for these records. The names 
and dates of births from these records were provided to the HNELHD IT service who 
then matched the names and dates of birth to their HNELHD area MRN using a 
computer program and provided the investigator with this information.  
Emergency department and laboratory data merge 
The ED and laboratory data sets were then merged by medical record number and 
specimen collection date. After the merge, laboratory records that did not have a 
corresponding ED record were excluded. A review of the average length of a medical 
stay in Hunter New England hospitals was conducted and used as a proxy to 
determine the time frame in which stool specimen collection was likely to occur for 
people presenting with gastroenteritis. Laboratory records were excluded if the 
specimen collection date did not occur within the length of stay time frame of the ED 
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visit date. Pathogens isolated in stool specimens were identified and described. In 
addition, the proportion of stool specimens with pathogens identified was calculated. 
Demographic data 
Data on Aboriginality and language spoken for the ED records were extracted from the 
HNE i.patient manager system. The i.patient manager system is a patient 
administration system that is used to record the details of all patients that utilise the 
HNELHD. Aboriginality and language spoken from the i.patient record were then 
merged with the corresponding ED record.  
Analysis 
Analysis was conducted using Stata version 11, intercooled.4 Frequencies of 
demographic, cultural and clinical predictors were calculated. The proportion of 
specimens collected for each predictor was also calculated. Relative risk was 
calculated to describe the association between predictors and specimen collection with 
95% confidence intervals (CI) and significance level set at 0.05. 
The proportions of total and dysentery presentations that did and did not have 
specimens collected were calculated. The proportion of each enteropathogen identified 
through specimen collection was calculated by dividing the number of results for each 
pathogen by the total number of positive tests. Enteropathogens detected were also 
described by age group. 
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Figure 1: Flowchart of exclusion procedure for emergency department data, 
cohort study, Hunter New England, 2009-2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results 
Demographic information 
A total of 2,324 records were available for analysis. The highest rates of gastroenteritis 
presentations occurred in the 0-4 years age group (713.7 per 100,000 population), 
followed by the 17-34 years age group (308.3 per 100,000 population) (Table 1). The 
proportion of females presenting for gastroenteritis was higher than males (58% versus 
42% respectively) (Table 1). The proportion of patients who identified as being of 
Aboriginal or Torres Strait Islander origin was 7.9% and the incidence rate of 
gastroenteritis cases in Aboriginal people presenting to EDs with gastroenteritis was 
All ED records where diagnosis description unrelated 
to infectious gastroenteritis excluded 
(n=1362) 
 
 
All ED records where presenting problem unrelated to 
infectious gastroenteritis excluded 
(n=309) 
 
All ED records not containing the keywords 
gastroenteritis, gastro symptoms, diarrhoea, vomiting, 
loose stools, melena, vomiting and diarrhoea, blood in 
stool, PR bleeding excluded 
(n=892) 
All ED records where nil or no preceded the above 
keywords discarded 
(n=113) 
HNE gastroenteritis ED records identified by 
PHREDSS (sample) 
(n=5000) 
HNE gastroenteritis ED records identified by 
PHREDSS for analysis 
(n=2,324) 
197 
 
approximately twice that of Non-Aboriginal people presenting to EDs with 
gastroenteritis (546.5 per 100,000 population vs 258.8 per 100,000 population) (Table 
1). The proportion of patients who had vomiting but no diarrhoea was 2%. 
Table 1: Number and rate of gastroenteritis presentations to all Hunter New England 
Local Health District Emergency Departments, by age group, gender and Aboriginality, 
2009-2011 
Demographic characteristics Number of 
gastroenteritis 
cases n(%) 
Rate (per 
100,000 
population) 
Age group (years)   
0-4 399 (17) 713.7 
5-16 227 (9) 204.3 
17-34 669 (28) 308.3 
35-64 611 (26) 180.9 
65+ 418 (18) 289.4 
Gender   
Female 1354 (58) 311.1 
Male 970 (42) 225.2 
Aboriginality   
Not Aboriginal 2125 (91.4) 258.8 
Aboriginal or Torres Strait Islander 183 (7.9) 546.5 
Not Stated 16 (0.7) 147.3 
 
Specimen collection 
A total of 489 stool specimens were collected and sent to the laboratory from the 2,324 
gastroenteritis presentations, (21%). Of the 2324 gastroenteritis presentations there 
were 232 (10%) dysentery presentations (Table 2). Of these, 65 (28%) dysentery 
presentations had a specimen collected (Table 2).  
The relative risk (RR) for specimen collection among dysentery cases was 1.4 (95% CI 
1.1-1.8), the RR increased if fever was present (RR 2.9, 95% CI 1.8-4.7) (Table 2). 
There was no statistically significant association between specimen collection and 
fever or abdominal pain (RR 0.9, 95% CI 0.6-1.2 and RR 1.2, 95% CI 0.9-1.3 
respectively) (Table 2).  
Table 2: Association between stool specimen collection and clinical predictors, Hunter 
New England Local Health District, 2009-2011 
Clinical Features Number of 
specimens 
collected (%) 
Specimen not 
collected No (% 
of total) 
Total RR (95% CI) 
Bloody diarrhoea 65 (28.0) 167 (72.0) 232 1.4 (1.1-1.8) 
Abdominal Pain 113 (21.3) 418 (78.7) 531 1.1 (0.9-1.3) 
Fever 37 (17.9) 170 (82.1) 207 0.9 (0.6-1.2) 
Fever & Abdo pain 10 (22.7) 34 (77.3) 44 1.1 (0.6-1.9) 
Bloody diarrhoea 
& Fever 
7 (58.3) 5 (41.7) 12 2.9 (1.8-4.7) 
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There was no association between Aboriginal status and specimen collection (RR 0.68, 
95% CI 0.5-1.0) (Table 3).  There was also no association between spoken language 
and specimen collection (RR 1.2, 95% CI 0.5-2.4) or country of birth and specimen 
collection (RR 1.05, 95% CI 0.7-1.4) (Table 3). 
Table 3: Association between stool specimen collection and cultural predictors, Hunter 
New England Local Health District, 2009-2011 
Cultural Feature Number of 
specimens 
collected (%) 
Number of 
specimens not 
collected (%) 
Total RR (95% CI) 
English 65 (28.0) 167 (72.0) 232 1.2 (0.5-2.4) 
Overseas born 36 (21.3) 133 (78.7) 169 1.05 (0.7-1.4) 
Aboriginal 28 (15.3) 155 (84.7) 183 0.68 (0.5-1.0) 
 
Enteropathogens 
Bacterial, viral and parasitic enteropathogens were detected. The most frequently 
detected bacterial enteropathogen was Campylobacter (33.3%), followed by 
Salmonella (19.8%) and Clostridium difficile (6.3%) (Table 4). The most frequently 
detected viral enteropathogen was rotavirus (17.7%), followed by adenovirus (11.5%) 
and norovirus (5.2%) (Table 4). Campylobacter infections were more frequent in the 0-
4 years age group. Rotavirus, adenovirus, cryptosporidiosis and giardia infections were 
also more frequent in the 0-4 year age group (Table 5). Salmonella infections were 
more frequent in the 35-64 year age group and the 65+ years age group. Clostridium 
difficile infections were also more frequent in these two age groups (Table 5). 
Table 4: Pathogens isolated from stool specimens collected for gastroenteritis cases 
presenting to Hunter New England Local Health District Emergency Departments, 2009-
2011 inclusive 
 Pathogens isolated 
Laboratory Result Number Proportion  
Campylobacter 32 33.3 
Clostridium difficile (non-toxigenic) 6 6.3 
Clostridium difficile (toxigenic) 1 1.0 
Pseudomonas aeruginosa 2 2.1 
Aeromonas species 1 1.0 
Salmonella 19 19.8 
Rotavirus 17 17.7 
Adenovirus 11 11.5 
Giardia 1 1.0 
Cryptosporidium 1 1.0 
Norovirus 5 5.2 
Total 96 100.0 
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Table 5: Pathogens detected in stool specimens collected for gastroenteritis cases 
presenting to Hunter New England Emergency Departments by age group, Hunter New 
England Local Health District, 2009-2011  
 
Discussion 
The highest proportion of gastroenteritis cases were in the 17-34 and 35-64 years age 
groups, followed by the 0-4 years age group. Just over half (58%) of cases were 
female. This distribution is similar to national trends. 5,6,7 Aboriginal and Torres Strait 
Islander people were over-represented in the sample. The proportion of people who 
identified as being of Aboriginal or Torres Strait Islander origin was 7.9%. This 
represents a nearly twofold increase when compared to the 4% of the HNE population 
who identify as being of Aboriginal or Torres Strait islander origin, and highlights the 
health inequality experienced by Aboriginal and Torres Strait Islander peoples in terms 
of burden of disease and/or access to health care.8,9 There was no association 
however, between Aboriginal status and specimen collection (RR 0.68, 95% CI 0.5-
1.0). 
The proportion of dysentery in cases of infectious gastroenteritis presentations to HNE 
emergency departments was calculated to be 10%. This finding is likely to be an 
underestimate as other Australian studies have demonstrated up to 21% of infectious 
gastroenteritis cases presenting to hospital experience dysentery.6  The use of the 
triage data also impacts on the estimate. The keywords used to detect cases of 
dysentery may not have detected all of the cases due to spelling or grammatical 
differences. The keywords may also not have been used in the patients triage record 
either, resulting in missed cases. It is also possible that, as the study was based on a 
sample, this proportion may change in analysis of the whole population, however the 
sample was randomly selected which reduces the role of chance in our findings. 
 Number of pathogens isolated by age group 
Organism 0-4 5-16 17-34 35-64 65+ Total 
Campylobacter 12 3 7 8 2 32 
Clostridium difficile (non-
toxigenic) 
1 0 0 3 2 6 
Clostridium difficile (toxigenic) 0 0 0 0 1 1 
Pseudomonas aeruginosa 0 0 0 0 2 2 
Aeromonas species 1 0 0 0 0 1 
Salmonella 3 1 1 9 5 19 
Rotavirus 12 5 0 0 0 17 
Adenovirus 11 0 0 0 0 11 
Giardia 1 0 0 0 0 1 
Cryptosporidium 1 0 0 0 0 1 
Norovirus 2 0 0 1 2 5 
Total pathogens isolated 44 9 8 21 14 94 
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This study highlights the challenges in the surveillance of enteropathogens. In total, 
only 21% of gastroenteritis cases had a stool specimen collected. This finding suggests 
that there is a substantial gap in the laboratory surveillance of enteropathogens as prior 
studies in both the community and hospitals in Australia have demonstrated that 
between 19.3% and 56.5% of gastroenteritis cases who submit a stool sample for 
analysis test positive for an enteropathogen.6,7,10 This is consistent with studies in other 
developed countries such as the US which have demonstrated that 25% to 47% of both 
adult and paediatric gastroenteritis cases presenting to EDs who submit a stool 
specimen for analysis also test positive for an enteropathogen.11,12 
The clinical characteristics of a gastroenteritis patient are an important predictor of both 
stool specimen collection and the presence of an enteropathogen. In this study, stool 
samples were more likely to be collected if dysentery was present as a reported 
symptom, with specimens collected for 28% of dysentery cases versus 20.3% of 
patients without reported dysentery  (RR 1.4 95% CI 1.1-1.8). The RR increased to 2.9 
(95% CI 1.8-4.7) if dysentery and fever were present. There is no Australian data to 
compare this finding to, however, studies in the US have demonstrated similar 
results.11,12 
Country of birth did not impact on specimen collection, however it did appear that those 
who spoke a language other than English were more likely to have a specimen 
collected, however this was not a statistically significant finding (RR 1.2, 95% CI 0.5-
2.4). This may be a reflection of the number of overseas travellers and/or overseas 
students located in the Hunter New England region. 
The distribution of pathogens is similar to those found in previous Australian studies 
and studies in developed countries that have examined the aetiology of 
gastroenteritis.6,7,10  The most commonly identified viral pathogens were rotavirus 
(17.7%), adenovirus(11.5%) and norovirus(5.2%) and these pathogens occurred more 
frequently in the 0-4 years age group.  
The most commonly identified bacterial organisms were Campylobacter (33.3%), 
followed by Salmonella (19.8%). Campylobacter occurred more frequently in the 0-4 
years age group whilst Salmonella occurred in both the 0-4 years age group and in the 
>34 years age groups. No Shiga-Toxin Escherichia Coli (STEC) cases were detected, 
which is inconsistent with the aetiology of gastroenteritis in other developed countries, 
however, on review of the data, data on known STEC cases was missing. Data on 
known STEC cases will have to be manually entered for the final analysis of this data.  
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There are limitations to this study. One is that the study is based on a sample from a 
bigger data set. A sample Even though it was a random sample, it may not be 
representative of the entire data set as the sample size may not have been adequate 
and reduced the power of the study. The search terms used may have not captured all 
of the cases that occurred in 2009-2011 which may also affect the completeness of the 
data, but results appear to be consistent with the literature. Not everyone who was 
identified as having a gastrointestinal illness had diarrhoea, so they would have been 
less likely to provide a stool specimen. The proportion of those who had vomiting but 
not diarrhoea was calculated to be approximately 2%. 
Conclusion 
The surveillance of enteropathogens remains a challenge for the HNE region. The low 
proportion of specimen collection in dysentery cases indicates that reports of cases of 
gastroenteritis caused by pathogens such as Salmonella, Campylobacter, Shigella and 
Escherichia Coli may be being missed, as a laboratory diagnosis is not possible. 
Further work is required to improve the rate of stool specimen collection for 
gastroenteritis presentations in the HNE region. Improving access to, and promoting 
current guidelines provided by HNE OFN may assist in improving stool specimen 
collection. Barriers to specimen collection need to be explored and clinicians need to 
be engaged in order to implement strategies to improve specimen collection in the HNE 
region. 
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Prologue 
My Role 
This project was undertaken within my role as a communicable diseases clinical nurse 
consultant. At the commencement of the project the Hunter New England 
biopreparedness epidemiologist had already started communicating with healthdirect 
Australia about exploring the healthdirect Australia data as a source of disease 
surveillance in Australia.  
It was my role to take the lead on this project and engage healthdirect Australia and 
their service provider, Medibank Health Solutions™, in face to face meetings to explain 
the purpose of the project and get an understanding of the service to determine what 
might be possible in terms of disease surveillance. My role also included creating an 
expert reference group for the project which I co-ordinated meetings for and chaired.  
In addition to these activities it was my responsibility to complete the academic work for 
this project. This included a literature review, a proposed evaluation plan, legal and 
ethical approvals, the creation of a questionnaire for interviews, data collection, data 
analysis and the final report. 
Lessons Learned 
This is the first time I have conducted a surveillance system evaluation. Through this 
experience I learned how to apply an evaluation framework to a surveillance system. 
The creation of an interview questionnaire for stakeholders based on an evaluation 
framework was an important skill that I acquired during this process. Other important 
skills I acquired during the evaluation were data analysis skills such as age-
standardisation, transformation of data and time series analysis. Learning these skills 
also further advanced my skills in the use of Stata and handling large data sets in a 
systematic way. I also learned about the process of stakeholder engagement and the 
importance of maintaining strong relationships with stakeholders over a long period of 
time.  
Public health impact 
healthdirect Australia has been used for influenza-like illness surveillance in Australia 
since 2009. This evaluation was the first formal assessment of this surveillance system 
to validate the usefulness of healthdirect Australia as a tool for influenza surveillance in 
Australia at national, state and local levels. At the national, state and regional level, 
healthdirect Australia influenza like illness data is timely and representative of 
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community influenza-like illness. This finding justifies the ongoing reporting of this data 
in the National Influenza Surveillance Scheme by the Commonwealth Department of 
Health.  
The healthdirect Australia influenza-like illness surveillance system also adds to what is 
known about seasonal influenza. The large paediatric population in the healthdirect 
Australia influenza-like illness data may offer insights into the impact of influenza on 
children and inform influenza control strategies and policies for this age group. The 
healthdirect Australia data also provides a potential indicator of seasonal severity in the 
community which is a gap in current influenza surveillance. 
Through interviews conducted with stakeholders, the evaluation raised a number of 
concerns. The process of obtaining healthdirect Australia data at a state level was 
initially problematic as there was no process in place to provide stakeholders with state 
level data on a regular basis. However, a potential process for access to state level 
data has been identified and stakeholders will now be able to use this data. This will 
enable states to improve the robustness of their influenza surveillance systems through 
the additional information provided by the healthdirect Australia data.  
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Abstract 
Background 
healthdirect Australia is the trading name for the National Health Call Centre Network 
and is a free 24 hour telephone health triage, information and advice service for 
Australian residents, excluding those who reside in Queensland and Victoria. The 
primary purpose of this system is not as a surveillance system for influenza, however 
data from the system is utilised as part of the National Influenza Surveillance Scheme. 
The number of calls utilising guidelines related to influenza like illness during the 
influenza season of the southern hemisphere (May-October) have been reported to the 
National Influenza Surveillance Scheme since 2009. 
The aim of this study was to evaluate the feasibility and capability of the healthdirect 
Australia system to function as a surveillance tool for influenza-like illness. This 
included evaluating the system for purposes of early warning of the impending 
influenza season, a measure of burden of illness in the community and as a tool for 
situational awareness and reducing risk in the community. An additional purpose of this 
evaluation was to provide feedback to stakeholders on the strengths of the current 
system of data utilisation and recommendations to enhance the surveillance capability 
of the system.  
Methods 
The healthdirect Australia influenza like illness surveillance system was evaluated 
according to the United States Centres for Disease Control Updated Guidelines for 
Evaluating Public Health Surveillance Systems. Methods used to complete the 
evaluation included conducting interviews with stakeholders and comparing 
healthdirect Australia influenza-like illness data to national laboratory notified influenza 
data and data from a community based influenza-like illness surveillance system, 
Flutracking.  
The age, gender, residential state and Aboriginal status of the data from the 
healthdirect Australia influenza-like illness, Flutracking and nationally notified influenza 
data sets were described and compared. The number of calls to healthdirect Australia 
relating to influenza-like illness as previously defined by day of the week, the number of 
calls assigned to each influenza-like illness guideline and the final triage outcome for 
each healthdirect Australia influenza-like illness call was also described.  
                                               
 * Footnote-Residents of Queensland have access to 13 HEALTH and Victorian residents have 
access to NURSE-ON-CALL.   
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Statistical analysis was conducted using Stata version 11, intercooled. All data sets 
were age standardised using the direct age standardisation method and then 
transformed using the natural logarithm or square root. A Spearman rank correlation 
co-efficient was calculated to measure the association between the healthdirect 
Australia influenza-like illness data set and each of the Flutracking and nationally 
notified influenza data sets with p-values and the level of significance set at 0.05.  
A Holt-winters additive exponential smoothing model was used to conduct time series 
analysis, comparing the healthdirect Australia influenza-like illness data set to each of 
the Flutracking and nationally notified influenza data sets. Smoothing parameters were 
set for level, trend and seasonality by minimising the root mean square errors for all 
years of data in each data set. The residual error terms of each data set were tested for 
autocorrelation using the Portmanteau Q statistic. The residual error terms of the 
healthdirect Australia influenza-like illness data set were then cross-correlated with the 
error terms of each of the Flutracking and nationally notified influenza data sets to 
obtain time lags (in weeks) and cross-correlation values. The p-values for the highest 
cross-correlation values were calculated using the t-statistic with the significance level 
set at 0.05. 
Results 
Overall, in terms of system attributes, the system is simple to use, stable but flexible 
with excellent data quality and the current case definition can detect influenza-like 
illness in the community at the same time as laboratory notification data. The system is 
timely in terms of the flow of information through the system and the timing and 
distribution of the data generated by the system was representative of the influenza 
season. The system was determined to be acceptable as a complementary influenza-
like illness surveillance system but the current format could be improved. There was 
strong support for jurisdictional level data.  
There was good representation of Aboriginal people in participating states; all age 
groups and participating states were represented. A total of 85,832 (54.5%) of patients 
were aged 0-4 years. At national level the timing of the system was consistent with 
laboratory notified influenza at lag (week) zero (r=0.27, p=0.00) and it lagged two 
weeks behind Flutracking (r=0.35, p=0.00). At state level the timing was consistent with 
Flutracking fever and cough rates and laboratory notified influenza rates at lag (week) 
zero (r=0.22, p=0.00 and r=0.54, p=0.00 respectively). The system was also consistent 
with laboratory notified influenza at the regional level at lag (week) zero (r=0.35, 
p=0.00). While the influenza-like illness rate was substantially higher in 2009 compared 
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to 2010-2012, the severity assigned to triage outcomes in 2009 was lower than 2010-
2012. 
 
Conclusion 
The healthdirect Australia influenza-like illness surveillance system is useful as a 
complementary influenza-like illness surveillance system in Australia and may be used 
as a timely indicator of paediatric influenza-like illness and seasonal severity. The 
increase in influenza-like illness rates combined with the lower severity assigned to 
triage outcomes in 2009 suggests the influenza-like illness data may be biased in a 
pandemic due to extraneous influences such as media advertising and community 
concern.  
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Introduction 
Influenza is a highly contagious respiratory illness that causes a substantial burden of 
disease in the community; however, it is a preventable and modifiable disease. There 
is potential to reduce the burden of influenza in the community through the targeted 
use of vaccines and anti-viral medications. Continued surveillance of influenza is 
essential in monitoring trends and informing control strategies. 
In Australia, a number of surveillance systems exist, each system contributing to the 
overall picture of the influenza season in Australia. Most of these systems however, 
rely on the health system to generate information and may only represent activity in a 
small section of the Australian community.1 
This is further compounded by the steps in the surveillance chain as the proportion of 
people in each link of the chain is reduced with each step. An example of this is the 
National Notifiable Diseases Surveillance System (NNDSS). In order for a case of 
influenza to be notified to this system, a number of steps have to take place.  
The first step involves a person with an influenza-like illness presenting to their health 
care provider, usually a general practitioner (GP) or an emergency department (ED). 
This step is likely to be influenced by a number of factors such as severity of illness, 
access to health care services and community concern.2 Approximately one-third of 
people with influenza-like illness in the community present to a health care provider.3 
The doctor then has to order an influenza test. Testing may be influenced by usual 
testing practices of the clinician, requests from patients, advice from health authorities 
and participation in surveillance systems such as the GP sentinel surveillance program 
in Victoria.2,4 After the test has been ordered the person then has to have the test and 
the test has to be performed with the correct equipment and technique to improve the 
likelihood of detecting a pathogen. The proportion of people who have influenza-like 
illness in the community and get tested for influenza has been estimated at 1.1-3%.3 
After collection, the specimen has to be stored and transported in conditions that 
maintain the viability of the specimen. The specimen must then make it to the 
laboratory and be correctly labelled for the patient. Once in the laboratory the specimen 
has to be correctly processed and the result correctly entered into the laboratory 
system. It is unknown what proportion of specimens is incorrectly processed. It is likely 
to be small however, as the proportion of people with influenza-like illness who get 
tested and have a positive result has been estimated at 0.5-1.1%, which represents 
just under half of those who get tested and the remainder of the testing is likely to 
incorporate negative results.3 
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 After the result has been confirmed and entered into the system, the result has to be 
sent to the nearest public health unit (PHU). The receiving PHU must then ensure that 
the result is received by the PHU that manages the jurisdiction within which the patient 
resides. The result must then be entered into the state notifiable diseases database as 
a confirmed case. Subsequently the confirmed case has to be conveyed to the 
NNDSS. The proportion of positive influenza results that are notified to and received by 
the correct public health unit and then conveyed to the NNDSS is unknown, but it is 
likely that a small proportion of influenza cases are lost at this stage of the surveillance 
system due to human and technological errors. 
After each step in the NNDSS influenza surveillance chain, it is likely that a very small 
proportion of influenza cases are notified to the system. These cases represent a very 
small section of the Australian community and may not be representative of influenza-
like illness (ILI) in the Australian community. This is important as information provided 
by surveillance systems may assist in informing control strategies, directing health 
resources and formulating health policy. 
A more accurate method to monitor community influenza activity is to use community 
based syndromic surveillance systems. Syndromic surveillance involves monitoring 
trends in the population of individuals experiencing a set of symptoms (or syndrome) 
consistent with an illness of interest, without laboratory confirmation. There are 
currently two community based ILI syndromic surveillance systems in Australia at the 
current time, Flutracking and google flu trends, however each system has its’ 
limitations. 
healthdirect Australia is the trading name for the National Health Call Centre Network 
(NHCCN). It is a free 24 hour telephone health triage, information and advice service 
for Australian residents, excluding those who reside in Queensland and Victoria. More 
than 77,000 calls are made to this service per month, providing an opportunity to 
explore the surveillance potential of a large community sample. 
The primary purpose of this system is not as a surveillance system for influenza, 
however data from the system is utilised as part of the National Influenza Surveillance 
Scheme, with the number of calls utilising guidelines related to ILI during the flu season 
(May-October) reported in the National Influenza Surveillance Scheme since 2009. 
The process of and infrastructure around collecting, monitoring and reporting on data 
from healthdirect Australia  specifically for the purposes of influenza surveillance (as 
                                               
 * Footnote-Residents of Queensland have access to 13 HEALTH and Victorian residents have 
access to NURSE-ON-CALL.   
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opposed to the primary aims of the system) constitute a syndromic surveillance system 
using secondary or routinely collected data (see 
http://www.cdc.gov/mmwR/preview/mmwrhtml/su5301a3.htm).   From this point 
onwards the term system in this document will be used to refer specifically to the 
system by which data generated from healthdirect Australia is used for influenza 
surveillance in Australia (as compared with the system overall which has the aims 
stated above).   
 This surveillance system has not previously been evaluated. 
The Public Health Importance of Influenza 
 
Influenza is a highly contagious respiratory illness that causes a substantial burden of 
disease on a global scale.5 Influenza cases occur all year round with the majority of 
influenza cases occurring from May to October in the southern hemisphere. The peak 
of the season is usually seen in July/August. Cases are infectious for seven days 
following the onset of respiratory symptoms and transmission of influenza occurs via 
respiratory droplets in the air. Influenza is characterised by symptoms of cough, fever, 
chills, malaise, headache, nasal discharge and sneezing following a short incubation 
period of 1-3 days.6  
There are two types of influenza, A and B. These are then further subtyped by the two 
surface antigens, haemagglutinin (H) and neuraminidase (N).6  These two surface 
antigens assist the influenza virus to attach to healthy human cells and release new 
virus from the cells that they invade.6 Approximately 16 different haemagglutinin 
antigens and 9 different neuraminidase antigens have been identified.7 The two surface 
antigens change over time, creating different sub-types. Some sub-types are more 
associated with severe disease than others.6  
Complications from influenza include pneumonia, acute bronchitis and otitis media, 
croup and cardiovascular problems such as myocarditis and pericarditis.6 
Complications of influenza can lead to cardio-respiratory failure and death.6 The 
population groups who are most at risk of influenza complications include adults 65+ 
years, all Aboriginal and Torres Strait peoples, pregnant women, residents of long term 
care facilities (such as nursing homes), and those who are obese, 
immunocompromised or have a chronic disease such as diabetes mellitus.6  
Costs associated with influenza include direct medical costs for treatment of influenza, 
lost productivity due to work absenteeism for both index cases and carers of index 
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cases, reduced functional capacity on return to work and loss of life.5 The total 
economic burden of influenza in the US has been estimated at $87.1 billion per year.5 
In France and Germany, lost productivity due to influenza has been costed at $10-15 
billion per year.5 In Australia, treatment of influenza costs the Australian health care 
system $115 million per year.8 
Influenza is a preventable and modifiable disease. There is potential to reduce the 
burden of influenza in the community through the targeted use of vaccines and anti-
viral medications. The intervention of choice remains vaccination as it is a safe and 
cost effective intervention.9,10 Resistance to anti-viral medications is increasing and 
anti-viral medication is now only recommended for use in high risk populations only.11  
Influenza has been a notifiable condition to the NNDSS since 2001. The NNDSS 
collects demographic and laboratory information on influenza cases. The National 
Influenza Surveillance scheme uses influenza surveillance data from the NNDSS in 
conjunction with other surveillance systems to monitor trends, detect outbreaks and 
inform public health control strategies. 
Incidence of influenza in Australia 
 
The true incidence of influenza in Australia is unknown. This is due to the inherent 
limitations of the surveillance chain.2,4 As influenza is a notifiable disease, notification 
rates yield information on the trends of influenza in the community. Notification rates of 
influenza vary from state to state and year to year. This is due to differences in 
population numbers, population structures, reporting systems, testing patterns, 
immunisation rates and circulating influenza strains.  
The Northern Territory (NT) has consistently had higher influenza notification rates 
since 2001.12 This is due to the inequitable distribution of influenza in Aboriginal and 
Torres Strait Islander peoples where notification rates are 3.5 times higher than Non-
Aboriginal people.13 The NT has a high proportion (26.5%) of residents who identify as 
Aboriginal or Torres Strait Islander.14 Aboriginal and Torres Strait Islander people are 
overrepresented in the rates of influenza due to long-standing social disadvantage 
which has led to poor health, overcrowding and lack of access to health resources.13 
In 2007 there was a substantial change in the notification rates of influenza. National 
notification rates of influenza were approximately three times the mean of the previous 
5 years (49.3 per 100,000 population compared to 17 per 100,000 population).15 This 
was associated with an increase in sentinel General Practitioner (GP) consultations 
and ED presentations.15  
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Flutracking is a surveillance system that monitors ILI at a community level. In 2007, 
Flutracking data was consistent with the observed rise in influenza notifications.16 
Laboratory surveillance demonstrated that this increase was due to an antigenic shift 
away from the vaccine strain in both the H1N1 and H3N2 strains.15 
In 2009 a global influenza pandemic occurred. The introduction of a novel strain of 
influenza into a susceptible population saw national influenza notification rates increase 
to 272.2 per 100,000 population compared with 42.7 per 100,00 population in 2008 and 
50.2 per 100,000 population in 2007.12 Sentinel GP surveillance and sentinel ED 
presentation data demonstrated increased health seeking for ILI.17,18 Flutracking data 
demonstrated that the peak ILI at the community level was less than 2007.19 The 
highest rates were seen in the NT at 859.9 per 100,000 population.12 
In 2010 and 2011, influenza notification rates were lower than the rates of the 
pandemic year (60.2 per 100,000 and 121.9 per 100,000 respectively) with the 
pandemic strain H1N1 predominating. Other influenza surveillance systems such as 
Sentinel GP surveillance, ED surveillance and Flutracking indicated that influenza 
activity had decreased to pre-pandemic levels in these years.1,20 
In 2012, influenza activity reached moderate levels and notification rates rose to 196.1 
per 100,000 population.12,21 There was a change in the dominant strain with the H3N2 
and B strains noted to be predominating with less H1N1 than previous years.21 In 2013, 
influenza activity in Australia returned to lower levels (122.4 per 100,000 population) 
with re-emergence of H1N1 and a noted increase in the B strain.12,22,23 In 2014, 
influenza notification rates rose to moderate levels and were three times the rates of 
previous years (293.3 per 100,000 population).12,22 H1N1 was the predominant strain in 
most states and territories except NSW and the ACT, where H3N2 predominated.24 
Burden of influenza and associated costs by age group 
 
The burden of influenza is influenced by both age and circulating strains. The highest 
disease burden of influenza generally occurs in children, particularly the zero to four 
years age group.25 From 2010 to 2013, the notification rate in this age group was 
approximately twice the overall annual national notification rate and was the highest of 
any age group.26  Hospitalisation rates are also highest in this age group with an 
average annual age-specific rate of 47.8 per 100,000 population, with a median 
hospital stay of 2 days.27 The estimated cost of hospitalisations in this age group is 
$3,398,468 AUD per year.27 
There was a change in the age distribution of influenza in 2014; this was associated 
with an increase in influenza activity and H3N2 notifications, particularly in NSW and 
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the ACT. The H3N2 strain has previously been associated with a high burden of 
disease in the elderly and children aged 0-4 years. In 2014 many elderly people were 
affected by influenza as outbreaks occurred in aged care facilities and this was 
reflected in the national influenza notification rates for the 85 and above years age 
group (569.2 per 100,000 population).24,26 This was approximately twice that of the 
national rate and similar to rates in the 0-4 yrs age group (557.1 per 100,000 
population).26 
Hospitalisation rates for 65+ years are lower than 0-4 years but higher than the 5-64 
years age groups with an average annual age-specific rate of 13.4 per 100,000 and a 
median hospital stay of 6 days, the highest of any age group.27 The estimated cost of 
hospitalisations in this age group is over $28 million dollars per year.8 
The cost of hospitalisation only includes direct medical costs associated with the 
treatment of influenza. They do not include the cost of lost productivity due to the 
primary carer/s being unable to perform their normal paid or unpaid work as they care 
for the affected person. 
Severity 
In 2009, 2010 and 2011, the pandemic H1N1 strain was the dominant circulating 
influenza strain and was associated with more severe disease.1,18,20 In the pandemic 
year 2009, 4992/37636 (13%) of laboratory confirmed pandemic cases were 
hospitalised.18 Of those, 681/4992 (14%) were admitted to intensive care units (ICU). A 
total of 191 (0.05%) laboratory confirmed pandemic cases who were hospitalised 
died.18  
The Influenza Complications Alert Network (Flucan) is a sentinel surveillance system 
that monitors hospitalisations due to influenza across 15 hospitals in Australia.28 In 
2010, Flucan detected 296 influenza hospitalisations.20 231 of these (78%) were 
associated with pandemic influenza and 62 (27%) of the patients with pandemic 
influenza were admitted to an intensive care unit (ICU).20 In 2011, Flucan detected 246 
influenza hospitalisations.1 Of these, 34 (14%) were admitted to ICU and 44% of these 
ICU admissions were associated with pandemic influenza.1 
In comparison to the years where the pandemic strain predominated, approximately 9-
10% of influenza patients who were hospitalised in 2012 and 2013 were admitted to 
ICU. 21,23 One-third to just under one half of these were aged 65 years and above and 
75-79% had co-morbidities which renders them vulnerable to complications from 
influenza.6,21,23 
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Pregnant women are another vulnerable population group for contracting severe 
disease.6 In 2009, pregnant women were overrepresented with a total of 47/289 (16%) 
pregnant women who were hospitalised being admitted to ICU and 4% of confirmed 
female pandemic cases who died were pregnant.18 
The Australian Paediatric Surveillance unit (APSU) monitors hospitalisations due to 
influenza.29 In 2009, pandemic H1N1 was the dominant strain in hospitalised children.29 
Approximately 38% of hospitalised children were admitted to ICU. This in comparison 
to 2008, where 29% of hospitalised children were admitted to ICU.29 There were also 
six deaths in 2009 compared to one death in 2008 and two deaths after the pandemic 
in 2010. All children that died in 2009 had pandemic influenza.30 
Preventability 
A nationally funded influenza immunisation program commenced in 1997. The vaccine 
was initially funded for all adults 65 years and above, as well as Aboriginal and Torres 
Strait Islander peoples aged 50 years and above.6 The funded program was expanded 
in 2010 to include Aboriginal and Torres Strait Islander peoples aged 15-49 years, 
pregnant women and infants or children older than six months of age with a chronic 
disease that predisposes them to severe illness.6 In Western Australia, a funded 
influenza immunisation program for children aged 6 months to five years has been in 
place since 2008.31 
The influenza vaccine is a safe and effective intervention for the primary prevention of 
influenza.6 The effectiveness of the vaccine has been estimated to be 39-64% in adults 
less than 65 years of age, even where a mismatch between circulating strains and 
vaccine strains exist, although this does decrease the effectiveness.32 In residential 
care facilities the effectiveness of the vaccine has been estimated at 61% in preventing 
influenza, 82% effective for preventing hospitalisation due to influenza and 75% 
effective at preventing death attributable to influenza.33 Vaccine effectiveness in 
children aged six months to five years in Australia has been estimated at 58%.34 
Anti-viral medications have been used as a secondary prevention measure to reduce 
the severity and clinical course of influenza illness.35 As a result, use of anti-viral 
medications has been associated with a decrease in lost productivity due to influenza.5 
The risk with the use of anti-viral medications, is that emerging resistance may render 
them ineffective, so use should be limited to those in high risk groups and those with 
severe disease.36 
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Influenza Surveillance 
Influenza has been a notifiable condition to the NNDSS under the Public Health Act 
since 2001. Notification rates vary from state to state and year to year. This is due to 
differences in population numbers, population structures, reporting systems, testing 
patterns, immunisation rates, health seeking behaviours and circulating influenza 
strains. Notification data, therefore, can be difficult to interpret. 
An alternative method for monitoring influenza at a population level is to use syndromic 
surveillance. Syndromic surveillance involves monitoring trends in the population of 
individuals experiencing a set of symptoms (or syndrome) consistent with an illness of 
interest, without laboratory confirmation.37,38 Syndromic surveillance has value as a 
surveillance tool in the detection and monitoring of clinical syndromes of public health 
importance. In studies where syndromic surveillance systems have been evaluated, the 
systems have demonstrated the ability to detect ILI in the community before traditional 
surveillance systems and have been useful for situational awareness.39,40,41 These 
attributes enable timely public health action on emerging disease threats. 
Syndromic surveillance systems also vary in their complexities and costs, therefore 
they can be applied to a wide variety of settings in developing and developed 
countries.42 This is important as the current International Health Regulations stipulate 
that all World Health Organization (WHO) member states have the surveillance 
capacity to identify events of international public health importance in order to report 
these events to WHO in a timely manner.43 
In Australia, there are multiple influenza surveillance systems, with each system 
providing important information that contributes to the overview of the influenza season 
in Australia.24,38,40,44,45 Each of these systems, however, has their limitations, especially 
the systems that are driven by the health care sector and/or rely on notified, confirmed 
cases of influenza.  
During the 2009 pandemic, there was a large discrepancy between community based 
syndromic influenza surveillance such as Flutracking and Google Flu Trends and other 
influenza surveillance systems that were based in the health system such as influenza 
notification data.46 The community based syndromic influenza surveillance 
demonstrated that influenza activity was similar to the previous 2008 influenza season 
and lower than the 2007 season.46 
In contrast, notification data and ED surveillance data demonstrated influenza activity 
was substantially higher than the previous two influenza seasons. This was thought to 
be due to the influence of health seeking behaviours and testing patterns of clinicians 
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during the pandemic. This highlights the importance of community based syndromic 
surveillance in detecting and monitoring influenza activity in the community.  
One source of community based syndromic influenza surveillance which has been 
used for influenza surveillance in other developed countries such as the United 
Kingdom (UK), United States (US), Canada and Sweden is nurse telephone 
helplines.47,48,49,50,51 The helplines are telephone based services that utilise registered 
nurses to provide health advice to the general public on a wide range of health issues. 
Nurses use clinical algorithms based on a callers symptoms to provide them with an 
appropriate treatment pathway and health advice. These algorithms can be used in 
combination to create syndromes of public health importance such as ILI. The resulting 
syndromes can then be used for surveillance purposes. Evaluations of the use of nurse 
helplines as a surveillance tool have identified nurse helplines as a source of timely 
and cost-effective surveillance data where the caller denominator is sufficient.41,48,50,51 
The NHCCN was established in 2007 as part of the ‘Better health for all Australians’ 
national health reform package.52 healthdirect Australia is funded by federal, state and 
territory governments with Medibank Health Solutions (MHS) providing service delivery. 
healthdirect Australia provides 24 hour nurse  triage and advice to the general public in 
Australia and aims to: 
 improve access to health information and advice for disadvantaged and hard to 
reach populations,  
 alleviate the pressure on EDs and after hours medical services through timely 
advice and appropriate triage, 
 increase capacity to respond to health emergencies and 
 improve community health through improved access to health promotion, 
prevention and early intervention.53 
Data on the content of phone calls such as demographics and triage outcomes is 
collected by the electronic system of healthdirect Australia. If the call does not require 
emergency assistance, the registered nurse answering the call uses a prescriptive 
clinical guideline to initiate appropriate action. There are approximately 400 guidelines. 
The primary purpose of this system is not as a surveillance system for influenza, 
however data from the system is utilised as part of the National Influenza Surveillance 
Scheme, with the number of calls utilising guidelines related to influenza like illness 
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during the flu season (May-October) reported in the National Influenza Surveillance 
Scheme since 2009.  
Aims and objectives 
 
The aim of the evaluation was to evaluate the feasibility and capability of the 
healthdirect Australia system to function as a surveillance tool for influenza. This 
included evaluating the system for purposes of early warning, a measure of burden of 
illness in the community and as a tool for situational awareness and reducing risk in the 
community.  
An additional aim of this evaluation was to provide feedback to stakeholders on the 
strengths of the current system of data utilisation and recommendations to enhance the 
surveillance capability of the system.  
The objectives of the evaluation were as follows: 
 Engage and interview a minimum of six stakeholders in the evaluation 
 Describe the demographic characteristics of healthdirect Australia patients 
assigned a guideline relating to influenza-like illness from January 1 2009 to 
December 31 2012 
 Describe the demographic characteristics of all nationally notified cases of 
influenza from January 1 2009 to December 31 2012 
 Describe the demographic characteristics of all Flutracking participants who 
reported fever and cough and completed at least one survey from January 1 
2009 to December 31 2012 
 Describe the number of calls to healthdirect Australia where patients were 
assigned a guideline relating to ILI by day of the week, epiweek and year from 
January 1 2009 to December 31 2012 
 Describe the number of calls assigned to each healthdirect Australia ILI 
guideline from January 1 2009 to December 31 2012 
 Describe the final triage outcome for healthdirect Australia ILI calls from 
January 1 2009 to December 31 2012 
 Describe the healthdirect Australia influenza-like illness surveillance system 
 Conduct age standardisation for each data set 
 Create a scatterplot for each data set 
 Conduct a Spearman rank correlation between the healthdirect Australia 
influenza-like illness data set and the nationally notified cases of influenza data 
set 
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 Conduct a Spearman rank correlation between the healthdirect Australia 
influenza-like illness data set and the Flutracking data set 
 Conduct a time series analysis comparing the healthdirect Australia data set to 
the nationally notified cases of influenza data set and Flutracking data set 
 Compare the timing of different combinations of guidelines to laboratory notified 
influenza cases 
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Data sets 
Four data sets were required for this evaluation and data analysis. Each data set is 
described below. 
healthdirect Australia ILI data set 
The first data set was the healthdirect Australia data set. The healthdirect Australia 
data set contained the biosecurity surveillance extract for all calls relating to ILI from 
January 1 2009 to December 31 2012. The biosecurity surveillance extract is a de-
identified set of variables considered useful for the purpose of infectious disease 
surveillance. Calls were deemed relating to ILI if the patient was assigned the following 
guidelines: 
Colds (Paediatric), Cough (Paediatric), Cough- Adult, Flu-like Symptoms, Flu-Like 
Symptoms, Pregnant, Influenza A (H1N1) Swine Flu, Influenza (Swine), Upper 
Respiratory Tract Infections/ Colds, Upper Respiratory Tract Infections/ Colds: 
Pregnant 
Nationally notified influenza data set 
The second data set that was used was the national influenza notification data. This 
data set contained all influenza notifications that were made to the NNDSS from 
January 1 2009 to December 31 2012 for all state and territories excluding Queensland 
and Victoria as they were not included in the analysis due to other nurse helpline 
services being used in these places. People with influenza are notified to this system if 
they satisfy case definition criteria which are specified by States and Territories. 
Influenza cases notified to the NSW Ministry of Health data set 
The third data set that was used was data extracted from the notifiable conditions 
information management system (NCIMS) of New South Wales. This data set 
contained all influenza notifications that were made to the NSW Ministry of Health from 
January 1 2009 to December 31 2012.  
Flutracking data set 
The fourth data set that was used was the Flutracking data set. Flutracking is a 
community based online influenza surveillance system where community members 
complete a survey to answer questions relating to influenza-like illness during the 
influenza season each year. This data set contained all Flutracking participants who 
had fever and cough and had completed at least one survey for the period January 1 
2009 to December 31 2012. 
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Descriptive Epidemiology 
Descriptive analysis was conducted using Stata version 11, intercooled.54  The number 
of healthdirect Australia ILI calls, notified influenza cases and Flutracking fever and 
cough cases were calculated and plotted by year. The demographics of each data set 
were described and compared. Demographic information included age, gender, 
residential state and Aboriginality. The number of calls to healthdirect Australia relating 
to ILI as previously defined by day of the week and the number of calls assigned to 
each ILI guideline was described.  
The final triage outcome (final disposition) for each healthdirect Australia ILI call was 
also described. Final disposition describes the final triage outcome allocated to a 
patient at the end of the call to healthdirect Australia after being clinically assessed by 
a triage nurse. If a patient with ILI has been assessed as clinically well enough to stay 
at home then they will be assigned a triage outcome of self/home care. Patients with 
more severe illness are triaged to other clinical services as appropriate, such as a GP 
or ED. 
Analytical Epidemiology 
Statistical analysis was conducted using Stata version 11, intercooled.54  The data sets 
were analysed at national, state and local level. All data sets were age standardised by 
epiweek to enable comparison using the direct standardisation method. The Australian 
population excluding Queensland and Victoria was used as the standard population as 
the healthdirect Australia service is not the contractor for providing health call centre 
services in these states. 
Initially, the healthdirect Australia influenza-like illness, laboratory notified influenza and 
Flutracking data sets were plotted individually. Then the laboratory notified influenza 
and Flutracking data sets were each plotted against the healthdirect Australia ILI data 
set. Initially, each of the national data sets were split into two groups, one group with 
the 2009 data and one without the 2009 data to determine the impact the 2009 
pandemic influenza season had on the distribution of the data.  
A distributional analysis was undertaken. This included plotting histograms and box 
plots for each data set to inspect the distribution of the data and identify outliers. In 
addition, each data set was tested for normality, skewness and kurtosis using the 
Shapiro-Wilk method. The data sets were then transformed based on the results of the 
distributional analysis. A natural logarithm transformation was performed for each data 
set where all counts in the data set were >0 and a square root transformation was 
conducted for the data sets where any counts in the data set were equal to 0.  
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A twoway scatterplot was constructed to demonstrate the correlation between the 
healthdirect Australia ILI data and the nationally notified influenza and Flutracking data 
sets. A Spearman rank correlation co-efficient was calculated to determine the 
correlation between the healthdirect Australia ILI data set and each of the nationally 
notified influenza and flutracking data sets with p-values and the significance level set 
at 0.05.  
A Holt-Winters exponential smoothing model was used to conduct time series analysis, 
comparing the healthdirect Australia ILI data set to each of the Flutracking and 
laboratory notified influenza data sets.54 The Holt-Winters exponential smoothing model 
was fitted to each of the data sets to remove trend and seasonality. Smoothing 
parameters were set for level, trend and seasonality by minimising the root mean 
square errors for all years of data in each data set. The model was then validated by 
using the model to forecast 52 weeks using 2009-2011 data only for each data set and 
observing the root mean square errors and comparing them to the root mean square 
errors of the fitted model and adjusting the smoothing parameters as required.  
The observed values of each data set were subtracted from the expected values of the 
model to produce a residual data series for each data set. The residual data series 
were tested for autocorrelation using the Portmanteau Q statistic.54 The healthdirect 
Australia ILI residual data series was then cross-correlated with each of the Flutracking 
and notified influenza residual data series to obtain time lags in weeks and cross-
correlation values. The p-values for the highest cross-correlation values were 
calculated using the t-statistic with the significance level set at 0.05. 
Interviews 
A semi-structured questionnaire targeted at users of the healthdirect Australia ILI 
system was developed in consultation with the expert reference group. The questions 
focussed on the perceived purpose and usefulness of the healthdirect Australia ILI 
system in its current form in addition to potential areas for improvement (Appendix 
4).Influenza epidemiologists from each state and territory identified through the national 
influenza surveillance committee were invited to participate in telephone interviews of 
approximately 30-60 minutes duration.  
Evaluation Guidelines 
The healthdirect Australia ILI surveillance system evaluation was conducted in 
accordance with the Centers for Disease Control and Prevention Updated Guidelines 
for Evaluating Public Health Surveillance Systems.55 The evaluation was conducted by 
utilising interviews with stakeholders and comparing healthdirect Australia ILI data to 
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national influenza notification data and data from a community based ILI surveillance 
system, Flutracking. The overall usefulness of the system was determined by 
evaluating the system attributes of simplicity, flexibility, data quality, acceptability, 
representativeness, stability and timeliness. General information relating to what is 
known about the influenza season and the potential capability of the healthdirect 
Australia ILI surveillance system to add to what is known about the influenza season 
was also obtained. 
Stakeholder engagement 
An expert reference group (Appendix 2) was convened to guide the evaluation process. 
Members of the reference group included influenza epidemiologists, members of the 
Commonwealth influenza team who use, report and manage the healthdirect Australia 
ILI data, members of the national influenza surveillance committee, members of the 
healthdirect Australia clinical governance team and a member of the healthdirect 
Australia data analyst team. 
Objectives 
Objectives of the healthdirect Australia influenza-like illness surveillance system were 
determined through interviews with stakeholders. Stakeholders were asked questions 
in relation to what the objectives of the system are and what the objectives of the 
system should be. 
Simplicity 
Simplicity was evaluated in terms of the surveillance case definition, information flow, 
ease of data access, manipulation and reporting by two methods. One method included 
asking interview participants to complete a likert scale to evaluate ease of access to 
the healthdirect Australia data and interpretation of the data. During the interview 
process two participants who actually directly access, manipulate and report the 
healthdirect Australia data were asked questions to evaluate the simplicity of this 
process. 
The second method involved the construction of a diagram demonstrating the flow of 
information through the system. Each step of the information flow was documented. 
Flexibility 
Flexibility was evaluated in terms of the ability of the system to adapt to changing 
needs. Interview participants were asked questions about their experience with 
healthdirect Australia during the pandemic. 
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Data Quality 
The healthdirect Australia ILI data is reported in aggregate at a national level and is 
reported as the number of ILI calls divided by the overall number of healthdirect 
Australia calls. Data quality was evaluated by examining the completeness of the 
guideline variable for all calls over the 2009-2012 study period. In the healthdirect 
Australia ILI data set other data fields such as state and age were also examined for 
completeness. 
The guideline variable in the healthdirect Australia ILI data set was also was also 
examined for the frequency of use of the guideline over the study period. 
Acceptability 
Acceptability was evaluated in terms of the people who access, manipulate and report 
the healthdirect Australia data and those who may review the report for surveillance 
purposes. This was completed by asking interview participants to complete a likert 
scale and answer questions in relation to the willingness of people and organisations to 
participate in the system. 
Representativeness 
Representativeness was evaluated by two methods. The first method compared the 
gender, age structure, residential state and Aboriginal status to the Australian 
population, the population of the NNDSS data set and the Flutracking population. The 
second method utilised data analysis methods described above to compare the 
healthdirect ILI to the NNDSS and Flutracking data sets to determine if the healthdirect 
ILI data was representative of the influenza season. 
Stability 
Stability was evaluated in terms of the reliability and availability of the system. Interview 
participants who receive and manipulate the healthdirect Australia data were asked to 
answer questions in relation to the amount of time the system is in operation, how often 
the system has down time and the length of that down time. The same interview 
participants were also asked to answer questions in relation to who is responsible for 
returning the system to its functional capacity if the system goes down and how long it 
takes the nominated person/s to complete the task.  
Timeliness 
Timeliness was evaluated in terms of the time it takes from an ILI case calling to the 
time the data is disseminated and the timing of the data in relation to the NNDSS and 
232 
 
Flutracking data sets. Two methods were used to evaluate timeliness. The first method 
utilised interviews with stakeholders to determine the process and time frame for the 
information flow through the system. The second method utilised time series analysis 
to compare the timing of the healthdirect Australia ILI data in relation to nationally 
notified influenza and Flutracking data. 
General Information 
Interview participants were asked to nominate what aspects of influenza surveillance in 
Australia were missing.  
Ethics 
A non-disclosure agreement for this project was obtained through the healthdirect 
Australia legal team. Ethics approval was granted for this project through the Human 
Research Ethics Committee at the Australian National University. 
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healthdirect Australia ILI call distribution  
Call distribution by year and epiweek 
A total of 157,569 calls fulfilling the case definition of ILI were made to healthdirect 
Australia over the study period. The highest number of calls (54347, 34.5%) occurred 
in 2009, followed by 2012 (38,185, 24.2%), 2011 (34449, 21.9%) and 2010 (30,588, 
19.4%) (Figure 1). The majority of calls occurred from epiweek 21 to epiweek 37 
(Figure 1). 
Figure 1: Number of influenza-like illness calls received by healthdirect Australia, by 
week, Australia, 2009-2012 
 
Call distribution by day of the week 
The highest number of ILI calls (27,890) occurred on Sunday (Table 1). This was 
followed by Monday (23,793) and Saturday (23,320) (Table 1). Calls from Tuesday to 
Thursday were similar, ranging from 19,853 to 21,430 calls. 
Table 1:Number and proportion of healthdirect Australia influenza-like illness calls by 
day of the week, Australia, 2009-2012 
Day of the week call received Number of calls (% of total) 
Monday 23,793 (15.1) 
Tuesday 21,430 (13.6) 
Wednesday 21,115 (13.4) 
Thursday 20,168 (12.8) 
Friday 19,853 (12.6) 
Saturday 23,320 (14.8) 
Sunday 27,890 (17.7) 
Total 157,569 (100) 
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Distribution of Flutracking participants with fever and cough 
There were a total of 24,516 Flutracking participants with self-reported fever and cough 
over the study period. The highest number of Flutracking participants with fever and 
cough occurred in 2012 (7807, 31.8%), followed by 2010 (6,450, 26.3%), 2011 (6,029, 
24.6%) and 2009 (4,230, 17.3%) (Figure 2). The majority of fever and cough cases 
occurred between epiweeks 18 and 42 (Figure 2). 
Figure 2: Number of Flutracking participants with self-reported fever and cough, by week, 
Australia excluding Queensland and Victoria, 2009-2012 
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Distribution of laboratory confirmed notified influenza cases 
There were a total of 144,296 laboratory confirmed notified influenza cases over the 
study period. The highest number of laboratory confirmed notified influenza cases 
occurred in 2009 (59,029, 40.9%), followed by 2012 (44,571, 30.9%), 2011 (27,230, 
18.9%) and 2010 (13,466, 9.3%) (Figure 3). The majority of laboratory confirmed 
notified influenza cases occurred between epiweeks 19 and 41 (Figure 3). 
Figure 3: Number of laboratory confirmed notified influenza cases, by week, Australia 
excluding Queensland and Victoria, 2009-2012 
 
 
Demographic characteristics 
A total of 85,868 (54.5%) healthdirect Australia ILI patients were female and 71,645 
(45.5%) were male. More females than males were notified to each of the ILI data sets 
(Table 2). There was 4.5-9% more females than males notified to the healthdirect and 
NNDSS data sets (Table 2). The difference between males and females notified to the 
Flutracking data set was larger with 21.8% more females than males notified to this 
data set, however gender was missing for 28.4% of Flutracking participants (Table 2). 
A total of 3,933 (2.5%) of healthdirect Australia ILI patients identified as being 
Aboriginal (Table 2). This was in comparison to Flutracking participants (0.6%); 
however information on Aboriginality was missing for 51.9% of Flutracking participants. 
There was no information available on Aboriginality for the NNDSS data set. 
NSW was most frequently recorded as the residential state in each data set with 42.9% 
of healthdirect ILI patients, 19.6% of notified influenza cases and 45.6% of Flutracking 
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participants nominating NSW as their residential state (Table 2). A large proportion of 
healthdirect ILI patients (27.2%) also nominated Western Australia as their residential 
state which was a higher proportion compared to notified influenza cases (9.9%) and 
Flutracking participants (5.9%) (Table 2).  
Table 2: Demographic characteristics of healthdirect Australia ILI patients, 
NNDSS influenza notifications, Flutracking fever and cough cases, Australia 
excluding Queensland and Victoria, 2009-2012 
Demographic 
characteristic 
healthdirect ILI 
patients 
n (%) 
Laboratory 
confirmed 
influenza 
notifications 
n (%) 
Flutracking 
Fever & cough 
cases 
n (%) 
Australian 
population 
n (%) 
Gender     
Male 71,645 (45.5) 68645 (47.6) 6,104 (24.9) 5,851,212 
(49.5) 
Female 85,868 (54.5) 75149 (52.1) 11,449 (46.7) 5,966,709 
(50.5) 
Other 54 (0.03) N/A N/A N/A 
Unknown 2 (0.00) 500 (0.3) 0 0 
Missing 0 0 6,963 (28.4) 0 
Aboriginal status     
Aboriginal 3,933 (2.5) Not available 147 (0.6) 354,303 (3.0) 
Non-Aboriginal 140,915 (89.4) Not available 11,645 (47.5) Not available 
Declined 11,099 (7.0) Not available N/A Not available 
Missing 1,622 (1.0) Not available 12,724 (51.9) Not available 
State     
NSW 67,577 (42.9) 28,233 (19.6) 11,188 (45.6) 6,917,658 
(32.2) 
TAS 8,699 (5.5) 2,876 (1.9) 4,359 (17.8) 495,354 (2.3) 
SA 20,832 (13.2) 26,045 (18.1) 5,558 (22.7) 1,596,572 (7.4) 
NT 2305 (1.5) 3,498 (2.4) 968 (3.9) 211,945 (1.0) 
WA 42, 819 (27.2) 14,252 (9.9) 1,446 (5.9) 2,239,170 
(10.4) 
ACT 8643 (5.5) 2,297 (1.6) 309 (4.1) 357,222 (1.7) 
Missing 6694 (4.2) 0 0 0 
 
Age Distribution 
The healthdirect ILI patients were concentrated in the younger age groups. The 
majority of healthdirect patients (54.5%) were in the 0-4 years age group (Table 3). 
This is in comparison to notified influenza cases and Flutracking participants where 
12.4% and 7% of cases respectively were in this age group (Table 3).  
The age distribution of Flutracking participants was concentrated in the middle age 
groups. Flutracking participants aged 30-59 accounted for 58.4% of fever and cough 
cases. This is in comparison to laboratory confirmed notified influenza cases and 
healthdirect ILI patients where 31.7% and 18.1% of cases respectively were in this 
middle age grouping.  
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The age distribution of laboratory confirmed notified influenza cases was mostly even 
with 8.2-17.5% of cases in each age group <60 years (Table 3). All data sets had a 
small proportion of cases in the 70+ years age groups with 3.4% of healthdirect ILI 
patients, 6.5% of notified influenza cases and 1.4% of Flutracking participants assigned 
to these age groups (Table 3). 
Table 3: Number and proportion of healthdirect Australia ILI patients, laboratory 
confirmed influenza notifications, Flutracking fever and cough cases by age 
group, Australia excluding Queensland and Victoria, 2009-2012 
Age Group healthdirect ILI 
patients 
n (%) 
Laboratory 
confirmed 
influenza 
notifications 
n (%) 
Flutracking 
Fever and cough 
cases 
n (%) 
Australian 
population 
n (%) 
0-4 yrs 85,832 (54.5) 17,865 (12.4) 1,721 (7.0) 1,532,727 (11.5) 
5-9 yrs 10,428 (6.6) 16,327 (11.3) 1,326 (5.4) 1,455,871 (11.0) 
10-19 yrs 9,926 (6.3) 25,382 (17.5) 2,153 (8.8) 1,518,324 (11.4) 
20-29 yrs 14,059 (8.9) 21,998 (15.2) 2,424 (9.9) 1,614,880 (12.2) 
30-39 yrs 13,565 (8.6) 18,747 (13) 3,334 (13.6) 1,622,883 (12.2) 
40-49 yrs 8,303 (5.3) 15,104 (10.5) 5,000 (20.4) 1,667,692 (12.5) 
50-59 yrs 6,574 (4.2) 11,783 (8.2) 5,975 (24.4) 1,526,603 (11.5) 
60-69 yrs 4,555 (2.9) 7,475 (5.2) 2,234 (9.1) 1,177,623 (8.9) 
70-79 yrs 2,667 (1.7) 5,115 (3.5) 298 (1.2) 699,174 (5.3) 
80+ yrs 1,660 (1.7) 4,356 (3) 51 (0.2) 473,814 (3.6) 
Total 157,569 (100) 144,161 (100) 24,516 (100) 13,289,591 
(100) 
 
healthdirect Australia ILI guideline distribution 
The most frequently assigned ILI guidelines were Cough (Paediatric) and Colds 
(Paediatric). These two guidelines accounted for 42% of healthdirect ILI patients (Table 
4). A small proportion of healthdirect ILI patients were assigned the guidelines of 
Influenza A (H1N1) Swine Flu (1.0%) and Influenza (Swine) (0.3%). These two 
guidelines were only used for a short period of time during the 2009 pandemic. 
Table 4: Number and proportion of healthdirect Australia influenza-like illness calls by 
assigned guideline, Australia, 2009-2012 
Assigned guideline Number of calls (%) 
Colds (Paediatric) 46,373 (29.4) 
Cough (Paediatric) 19,836 (12.6) 
Cough- Adult 53,828 (34.1) 
Flu-like Symptoms 25,568 (16.2) 
Flu-Like Symptoms, Pregnant 1,317 (0.9) 
Influenza A (H1N1) Swine Flu 1,614 (1.0) 
Influenza (Swine) 428 (0.3) 
Upper respiratory Tract Infections/ 
Colds 
6,584 (4.2) 
Upper Respiratory Tract Infections/ 
Colds: Pregnant 
2,021 (1.3) 
Total 157,569 (100) 
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healthdirect Australia ILI final disposition distribution 
The most frequently allocated disposition to healthdirect ILI patients was ‘Provide self/ 
home care’ (32.5%), followed by ‘See a health provider within 24 hours’ (30.6%) (Table 
5). A small proportion of patients were allocated a disposition of ‘Speak to telephone 
GP’ (7.6%), ‘Attend ED immediately’ (7.9%) or ‘See a doctor immediately’ (0.4%) 
(Table 5).  
Table 5: Number and proportion of healthdirect Australia influenza-like illness calls by 
final disposition, Australia, 2009-2012 
Final disposition Number of calls n. (% of total) 
Activate 000 655 (0.4) 
Attend ED immediately 12,396 (7.9) 
Provide self/ home care 51,150 (32.5) 
See a doctor immediately  689 (0.4) 
See a doctor within 4 hours 3,927 (2.5) 
See a doctor within 24 hours 1,214 (0.7) 
See a doctor within 72 hours 8,881 (5.6) 
See a doctor within 2 weeks 14 (0.009) 
See appropriate health provider within 24 
hours 
48,159 (30.6) 
See appropriate health provider within 72 
hours 
8,224 (5.2) 
See appropriate health provider within 2 
weeks 
10,288 (6.5) 
Speak to telephone GP 11,972 (7.6) 
Total 157,569 (100) 
 
The relationship between the most urgent and non-urgent final dispositions are 
illustrated in Figure 4 and Figure 5. Figure 4 demonstrates an overall spike in the 
number of ILI calls in 2009 but the proportion of those who were assigned a final 
disposition of attend ED immediately was consistent with subsequent years. When 
compared to the proportion of patients assigned a final of disposition of provide 
self/home care, Figure 5 appears to indicate that the severity of the 2009 influenza 
season was lower than subsequent years. 
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Figure 4: Number of healthdirect Australia influenza-illness patients assigned a final 
disposition by year, 2009-2012 
 
 
Figure 5: Proportion of healthdirect Australia influenza-like illness patients assigned a 
final disposition of “Attend ED immediately” compared to proportion of healthdirect 
Australia influenza-like illness patients assigned a final disposition of “Provide self/home 
care”, by year and quarter, Australia, 2009-2012 
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Analytical Epidemiology 
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Distribution analysis 
The descriptive analysis demonstrated variation in the age distribution of each data set 
(Table 3). Therefore, each data set was age standardised to enable comparison 
between the data sets. After age standardisation of each data set, the healthdirect 
Australia ILI data demonstrates similar distribution and timing compared to nationally 
notified influenza and Flutracking data, following the shape and peaks of the seasonal 
curves (Figure 6). The exception to this is 2009, where the relative amplitude of the 
seasonal peak is much greater in the healthdirect Australia ILI data compared to the 
Flutracking and notified influenza data. 
Figure 6: Age standardised rates of influenza-like illness cases notified to healthdirect 
Australia and (A) laboratory confirmed influenza cases notified to the national notifiable 
diseases surveillance system (B) Flutracking participants with fever and cough, 
Australia, by week, 2009-2012 
 A.                                                                  B. 
  
In 2009, the healthdirect Australia ILI data appears to precede the nationally notified 
influenza and Flutracking data at a national, state and regional level (Figures 6-8). In 
2010, the healthdirect Australia ILI data appears to lag behind the Flutracking data at a 
national and state level (Figure 6). After this point, the two data sets align more closely. 
In relation to the nationally notified influenza data, the healthdirect Australia ILI data 
appears to continue to lead this data set after 2009 at a national level but the effect at a 
state and regional level isn’t clear (Figures 6-8). 
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Figure 7: Age standardised rates of influenza-like illness cases notified to healthdirect 
Australia and A. laboratory confirmed influenza cases notified to the NSW notifiable 
conditions information management system B. Flutracking participants with fever and 
cough, NSW, by week, 2009-2012 
   A.                                                                                        B. 
   
Figure 8: Age standardised rate of influenza-like illness cases notified to healthdirect 
Australia and laboratory confirmed influenza cases notified to the NSW notifiable 
conditions information management system, Hunter New England, by week, 2009-2012 
 
The distribution of the age-standardised data sets was examined for normality 
(Appendix 6). The results indicated that all data sets were non-normally distributed with 
and without the 2009 data. Based on these results the 2009 data was included in the 
time series analysis then all data sets were transformed and examined for normality 
(Appendix 6). After transformation, all data sets remained non-normally distributed.  
Scatterplots of the healthdirect Australia influenza-like illness data against each of the 
laboratory notified influenza and Flutracking data sets and indicated that there were 
large outliers present (Appendix 6). Based on the results of the scatterplots, a 
Spearman rank correlation co-efficient was chosen for correlation analysis. Results of 
this analysis demonstrated a correlation between the healthdirect Australia influenza-
like illness data set and each of the laboratory notified influenza and Flutracking data 
sets (Appendix 6). Based on the correlation analysis and non-normal distribution of the 
data sets, a Holt-Winters exponential smoothing model was then chosen for further 
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analysis to examine the relationship of two independent data sets by removing trend 
and seasonality. 
Time series analysis 
The healthdirect Australia ILI data sets were significantly correlated with the nationally 
notified influenza data sets and the Flutracking data sets at a national, state and 
regional level. The outcomes of the cross-correlation analysis are summarised in Table 
6.  
Table 6: Cross-correlation values of input and output residual error terms and time lags 
between healthdirect Australia influenza-like illness data and each of the notified 
influenza and Flutracking data sets, Australia, NSW and HNE, 2009-2012 
Input/output series Highest 
correlation 
co-efficient 
t-statistic P-value Lag of 
highest 
correlation 
healthdirect Australia (Australia)/notified 
influenza cases (Australia) 
0.27 4.06 <0.01 0 
healthdirect Australia (Australia)/ Flutracking 
(Australia) 
0.35 5.32 <0.01 -2 
healthdirect Australia (NSW) /notified influenza 
cases (NSW) 
0.54 4.84 <0.01 0 
healthdirect Australia (NSW)/ Flutracking 
(NSW) 
0.38 5.89 <0.01 0 
healthdirect Australia (HNE)/ notified influenza 
cases (HNE) 
0.35 2.73 <0.01 0 
healthdirect Australia (Australia) excluding 
colds (paediatric)/ notified influenza cases 
(Australia) 
0.43 6.84 <0.01 +1 
healthdirect Australia (Australia) excluding 
upper respiratory tract infections/notified 
influenza cases (Australia) 
0.43 6.84 <0.01 +1 
 
At a national level, over the 2009-2012 study period, the correlation between the 
weekly variation in the healthdirect Australia ILI rates and the NNDSS influenza 
notification rates was highest  at a lag of 0 (the same week) (r=0.27, p=0.00) (Table 6). 
This suggests that short-term changes in healthdirect Australia ILI rates corresponded 
to changes in NNDSS influenza notification rates.  
The correlation between the weekly variation in national Flutracking fever and cough 
rates and healthdirect Australia ILI rates was highest at a lag of -2 (two weeks prior) 
(r=0.35, p=0.00) (Table 6). This suggests that short-term changes in the Flutracking 
fever and cough rates occurred two weeks prior to changes in healthdirect influenza-
like illness rates.  
Alternative case definitions were tested for the healthdirect Australia ILI data. The case 
definition using all current ILI guidelines excluding “colds (paediatric)” or “Upper 
respiratory tract infections/colds and upper respiratory tract infections/colds: pregnant” 
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was tested against nationally notified influenza cases. Figure 9 demonstrates the 
qualitatively observed relationships of the two alternative case definitions. In both 
Figure 9A and 9B the healthdirect Australia ILI data using the alternative case definition 
appears to lag behind the laboratory confirmed influenza notification data over each 
year of the 2009-2012 period.  
Figure 9: Natural Logarithm (ln) transformed age standardised rates of nationally notified 
influenza cases and A. healthdirect Australia influenza-like illness data excluding colds 
(paediatric) and B. healthdirect Australia influenza-like illness data excluding upper 
respiratory tract infections/colds/pregnant, by week, Australia, 2009-2012 
A.                                                                        B. 
  
Over the same period, time series analysis demonstrated the correlation between the 
weekly variation in the healthdirect Australia ILI excluding colds rates and the weekly 
variation in the laboratory confirmed influenza notification rates was highest at a lag of 
+1 (one week later) (Table 6). This suggests that short-term changes in the healthdirect 
Australia ILI excluding colds rates occurred one week later than changes in laboratory 
confirmed influenza notification rates.  
Time series analysis also demonstrated that the correlation between the weekly 
variation in the healthdirect Australia ILI excluding upper respiratory tract 
infections/colds and upper respiratory tract infections/colds: pregnant rates and the 
weekly variation in the NNDSS influenza notification rates was highest at a lag of +1 
(one week later) too (Table 6). This suggests that short-term changes in healthdirect 
Australia ILI excluding upper respiratory tract infections/colds and upper respiratory 
tract infections/colds: pregnant rates occurred one week later than changes in 
laboratory confirmed influenza notification rates.  
At a state level, over the 2009-2012 study period, the correlation between the weekly 
variation in NSW healthdirect Australia ILI rates and the weekly variation in NSW 
influenza notification rates was highest at a lag of 0 (same week) (r=0.54, p=<0.01) 
(Table 6). The correlation between the weekly variation in NSW healthdirect Australia 
ILI rates and the weekly variation in NSW Flutracking fever and cough rates was also 
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highest at lag 0 (same week) (r=0.38, p=<0.01) (Table 6). This suggests that short-term 
changes in NSW healthdirect Australia ILI rates corresponded with changes in both 
NSW influenza notification and Flutracking fever and cough rates.  
At a regional level, over the 2009-2012 study period, the correlation between the 
weekly variation in HNE healthdirect Australia ILI rates and the weekly variation in HNE 
influenza notification rates was highest at a lag of 0 (same week) (r=0.35, p=<0.01) 
(Table 6). This suggests that short-term changes in HNE healthdirect Australia 
influenza-like illness rates corresponded with changes in HNE influenza notification 
rates. 
 
 
 
248 
 
 
 
 
System Performance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
249 
 
System Description 
The healthdirect Australia nurse triage service 
The healthdirect Australia nurse triage service consists of one call centre located in the 
Medibank Health Solutions™ building at St. Leonards, Sydney and a network of 400 
nurses in NSW, NT, South Australia (SA), WA and Tasmania who work from home. 
The call centre at St. Leonards has approximately 15 nurses who act in a supervisory 
capacity to the nurses at home and are available 24 hours a day. The supervisors are 
able to give advice about calls, listen in on calls or take over calls if necessary through 
the telephony system. Collectively, 415 nurses are fielding approximately 77,000 calls 
per month. healthdirect Australia nurses also take calls for the Victorian Nurse on call 
service when they have been with the company for a period of time as Medibank 
Health Solutions™ is also the provider for this service, however, the nurse on call 
statistics are still separate to the healthdirect statistics. 
Each nurse at home is given their own computer, software and internet access to 
enable them to perform their duties. The nurses access the healthdirect Australia 
program through a citrix type environment. There are two types of software that the 
nurses use and they are not linked but Medibank Health Solutions™ is working on the 
integration of these systems. One is the telephony software called customer interaction 
centre software that the nurse uses to manage the call and the other software is the 
case management software that is used to triage the caller. The flow of information 
through the system is illustrated in appendix three. 
Guidelines 
The guidelines used by the nurses for triaging is contained in the case management 
software. The guidelines are written by a team of doctors from clinical governance and 
are considered confidential as the guidelines are core business for healthdirect 
Australia. There are over 400 guidelines (Appendix 5). All guidelines are allocated 
based on symptoms. 
Two methods are used to allocate a guideline to a patient. The first method is by 
keyword search using the triage assessment text box. Each guideline has a number of 
associated keywords to trigger the guideline to appear for the triage nurse. During the 
triage process, the triage nurse enters text into the triage assessment text box to 
document the symptoms of the patient. The case management software then identifies 
keywords from this text and automatically populates a window with a list of guidelines 
associated with the keywords for the nurse to choose from. The triage nurse uses their 
clinical judgement to select the appropriate guideline. 
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The second method is by a search of the guideline data base. If the triage nurse 
doesn’t enter any text into the triage assessment text box or wishes to use a guideline 
that doesn’t appear automatically, then the triage nurse can perform a keyword search 
of the guideline data base and select the desired guideline. 
The guidelines are also available in hard (paper) copy as well as electronic in case the 
system should fail. The hard copies are then loaded into the system when the system 
is at capacity again.  
The guidelines currently reported as influenza like illness in the National Influenza 
Surveillance Scheme include the following: 
 Colds (Paediatric) 
 Cough (Paediatric) 
 Cough- Adult 
 Flu-like Symptoms 
 Flu-Like Symptoms, Pregnant 
 Influenza A (H1N1) Swine Flu 
 Influenza (Swine) 
 Upper respiratory Tract Infections/ Colds 
 Upper Respiratory Tract Infections/ Colds: Pregnant 
Triage outcomes 
Each guideline contains a clinical pathway that the triage nurse follows to reach a 
triage outcome (Table 5).  Once the triage outcome has been determined, the triage 
nurse then directs the patient to appropriate medical care. 
Medibank Health Solutions™ data base 
All data obtained through the use of the software is uploaded to the Medibank Health 
Solutions™ data base in real-time. Data is copied every day at 0200 to another 
database for reporting purposes. There are approximately 2500 data fields and 250 
data tables held by Medibank Health Solutions™ however, not all 2500 fields are 
available for analysis however as the Medibank Health Solutions™ team is still in the 
process of warehousing their data. 
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Biosecurity surveillance extract 
Only a portion of the data collected by the Medibank Health Solutions™ data base is 
reported to healthdirect Australia and the Commonwealth Department of Health. This 
portion of the data is known as the biosecurity surveillance extract. The biosecurity 
surveillance extract was developed in conjunction with Medibank Health Solutions™, 
healthdirect Australia and the Commonwealth Department of Health for the purposes of 
national communicable disease surveillance. A number of variables are used in the 
extract (Table 24).  
Table 7: Biosecurity surveillance extract variable names and description, healthdirect 
Australia, 2009-2012 
Field name in file Description 
contract_name This field is populated by the nurse, to enhance the 
data available for reporting.  Examples are: New 
South Wales; NSW Ambulance Secondary Triage; 
Tasmania. 
call_session_id A seven-digit number unique to each call.  There 
can be more than one triage event record per call. 
session_start_date The date and time that the call documentation 
commenced. 
triage_service_number A seven-digit or eight-digit number unique for each 
patient guideline for each call.  There can be more 
than one triage service per call. 
patient_age The age of the patient, as an integer. 
patient_gender The gender of the patient, including trans-gender 
patients. 
patient_postcode The postcode of the patient. 
patient_state The state where the patient resides. 
caller_relationship_to_patient The relationship of the caller with the patient.  If this 
is blank, it is assumed that the caller was also the 
patient. 
assessment_presenting_problem_symptoms A free-text field containing information about the 
patient's condition. 
patient_guideline The guideline used to assist the nurse with the 
triage process. 
patient_question_yes The guideline question reached where the 
caller/patient response was positive. 
patient_final_disposition The recommendation / advice given by the nurse at 
the end of the triage process. 
original_intention The original intention of the patient, before the triage 
process. 
indigenous_status The Aboriginal / Torres Strait islander status of the 
patient. 
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Biosecurity surveillance system data warehouse 
Once the biosecurity surveillance extract has been extracted from the Medibank Health 
Solutions data base it is sent to the healthdirect Australia data analysts and the 
Commonwealth data management team who upload it to the biosecurity surveillance 
system data warehouse. The biosecurity surveillance system data warehouse is a web-
based, electronic data repository that is designed to store surveillance data to enable 
the surveillance of emerging communicable disease threats at a national level.  
The data warehouse is only accessible to staff who work in the Commonwealth 
Department of Health. Data is extracted through pre-designed reports that access and 
format the raw data. The reports can be manipulated by a number of variables 
including time intervals (i.e. Day, week, month, quarter) and demographic variables 
such as age and gender. 
healthdirect Australia data base 
There are two data analysts in the healthdirect Australia team who are responsible for 
the management of the data base. The data analysts receive the biosecurity 
surveillance extract for all guidelines for the previous 24 hours from the Medibank 
Health Solutions™ team by e-mail each day. The data is written to the data base from 
the e-mail using a pre-written computer program. The healthdirect Australia analysts 
then interrogate the data base for their own reporting purposes using pre-written SQL 
queries. 
Reporting data in the National Influenza Surveillance Scheme 
The Commonwealth influenza team is responsible for reporting the ILI data in the 
National Influenza Surveillance Scheme report that is generated every two weeks 
during the influenza season. A member of the team accesses the data from the data 
warehouse once a fortnight during the influenza season and updates the healthdirect 
Australia ILI report for the previous fortnight. The report is then sent to the 
Commonwealth Department of Health webmaster for uploading to the Commonwealth 
Department of Health website. The report is also sent to a number of internal and 
external partners. 
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System Attributes 
Objectives 
Through interviews with twelve stakeholders which included influenza epidemiologists 
from each state and territory and the Commonwealth Department of Health in addition 
to members of the healthdirect Australia team, the evaluation identified that there are 
no specific objectives for this system, however there are broader objectives for the 
surveillance of influenza in Australia. Participants were asked what the objectives of the 
system should be. 
The following objectives were identified by participants: 
 To monitor trends at a local level  
 To record demographic information about people with influenza 
 To detect the start of the influenza season  
 To gauge severity of the influenza season  
 To detect community ILI  
 To act as an early warning signal  
 To report numerator and denominator data  
 To monitor inter-seasonal levels of influenza 
 To detect the end of the influenza season  
 To validate other community ILI systems  
 To detect new influenza strains  
Simplicity 
The healthdirect Australia ILI data as reported in the National Influenza Scheme during 
the influenza season is easy to access and interpret. The access, use and reporting of 
the raw data is a predominantly automated process and takes approximately 10-15 
minutes to complete on a weekly basis.  
Training to access, use and reporting of the data consists of both formal and informal 
training. Formal training includes data analysis and training in the use of software such 
as Microsoft Access and Excel. Informal training consists of on the job training. 
Dissemination of the final report is conducted by e-mail and via the internet. The 
dissemination process takes approximately five minutes. 
Flexibility 
During the 2009 pandemic, healthdirect  Australia worked with the Commonwealth 
Department of Health to act as a referral point for the general public. A pandemic 
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influenza health alert line was set up to correctly triage members of the general public 
using a guideline specific to pandemic influenza. The set-up of the health alert line took 
less than a day and changes to the alert line were made within 1-2 hours of the 
information being received by healthdirect Australia. The only difficulty that was 
encountered with making changes to the system was the co-ordination of differing 
needs between states. 
In terms of staff capacity, healthdirect Australia had adequate staff during the 2009 
pandemic to manage the call volumes. As healthdirect Australia has grown and 
evolved this is no longer the case, however healthdirect Australia has a staff surge plan 
in place. The healthdirect Australia service also has the capacity to call staff in after-
hours if required to respond to urgent events. 
Data Quality 
Over 96% of time and demographic variables in the healthdirect Australia ILI data set 
were completed. The session_start_date variable which is the date that the call to the 
healthdirect Australia service occurred was 100% complete. Completeness was also 
calculated for demographic variables such as patient gender (100%), age (100%), 
postcode (96%), state (96%) and Aboriginal status (98%). The patient final disposition 
variable which is the triage outcome for each call was 100% complete. 
Acceptability 
All participants were aware of the existence of the healthdirect Australia nurse triage 
helpline with the majority of participants indicating they review the healthdirect Australia 
ILI report in the National Influenza Surveillance Scheme. The most common reasons 
for reviewing the report were: 
 General interest in the data  
 Community level ILI activity  
There was a low level of satisfaction and uncertainty with the healthdirect Australia ILI 
report in its current form among interview participants. This mainly relates to the issue 
of the healthdirect Australia ILI data only being reported at the national level which 
doesn’t necessarily represent influenza-like activity at the state level as the trend of the 
influenza season fluctuates between states. 
There was some uncertainty about the accuracy of the data generated by healthdirect, 
mainly to do with the issue that the system hadn’t been formally evaluated. The 
majority of interview participants were undecided  if the healthdirect Australia ILI data 
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reflected community ILI in Australia but disagreed or strongly disagreed that the 
healthdirect Australia ILI data reflected influenza activity in Australia. 
Acceptability of the healthdirect Australia ILI surveillance system as a complementary 
surveillance system to existing influenza or influenza-like surveillance systems was 
high. The majority of participants disagreed or strongly disagreed that the healthdirect 
Australia ILI surveillance system can be used as a stand-alone surveillance system for 
influenza or ILI but agreed that the healthdirect Australia ILI surveillance system can be 
used to complement other influenza or ILI systems in Australia. 
Representativeness 
The healthdirect Australia ILI patients were representative of the Aboriginal population 
in participating states with a similar proportion (2.5%) of people identifying as 
Aboriginal as the Australian population (3%) (Table 2).In terms of gender, the 
healthdirect Australia ILI patients had a slightly higher proportion of females (54.4%) 
compared to the Australian population (50.5%) (Table 2).  
In terms of the representativeness of healthdirect Australia ILI patients across 
participating states, Tasmania (Tas), SA, NT and the Australian Capital Territory (ACT) 
had a similar distribution to the Australian population (Table 2). WA and NSW were 
over-represented with a higher proportion of healthdirect Australia ILI (27.2% and 
42.9% respectively) of patients residing in these states than the Australian population 
(10.4% and 32.2% respectively) (Table 2). 
The 0-4yrs age group in the healthdirect Australia ILI data set was also over-
represented with 54.5% of patients in this age group compared to 11.5% of the 
Australian population (Table 3). The age groups with the next highest proportion of 
healthdirect Australia ILI were the 20-29yrs and 30-39yrs age groups with 8.9% and 
8.6% of healthdirect Australia patients in these age groups (Table 3). The proportion of 
healthdirect Australia ILI patients in each age category after the 30-39yrs age group 
continued to decline. This pattern of decline was similar to that of the Australian 
population age distribution. 
The healthdirect Australia ILI data is representative of influenza-like activity in Australia. 
Time series analysis demonstrates that the timing of weekly changes in healthdirect 
Australia ILI rates correspond to weekly changes in laboratory confirmed influenza 
notification and Flutracking fever and cough rates. 
 
 
256 
 
Stability 
The healthdirect Australia component of the system has never failed. The guidelines 
used by the nurses are available in hard (paper) copy as well as electronic in case the 
system should fail. The hard copies are then loaded into the system when the system 
is at capacity again. The threshold for down time of the system is 0.01% which equates 
to approximately 4 hours per month. The healthdirect staff who access the raw data 
have never had any problems accessing the healthdirect Australia ILI data. 
The e-mail component of the system at the Commonwealth Department of Health level 
fails approximately three times per year. This is the failure of the data e-mail to get to 
the Department of Health data management team. The usual time frame for correcting 
the failure is two hours. This delay has a flow on effect to the Commonwealth 
Department of Health staff who access, use and report the raw data. 
Timeliness 
All calls made to the healthdirect Australia service are uploaded to the healthdirect 
Australia data base in real-time. Data is extracted on a daily basis so the time from a 
patient calling to the time the data is received by healthdirect Australia and the 
Commonwealth Department of Health data analysts is a maximum of 24 hours. 
Reporting of the healthdirect Australia in the National Influenza Surveillance Scheme 
occurs on a fortnightly basis during the influenza season retrospectively. There is 
capacity at the Commonwealth Department of Health level to access and report the 
healthdirect Australia ILI data more frequently if required. 
In terms of the timeliness of the healthdirect Australia ILI data in relation to the 
influenza season, time series analysis has demonstrated that the timing of weekly 
changes in healthdirect Australia ILI rates correspond to weekly changes in laboratory 
confirmed influenza notification rates at a national, state and regional level. The time 
series analysis also demonstrated that weekly changes in healthdirect Australia ILI 
rates corresponded to weekly changes in Flutracking fever and cough rates at a state 
level but lag two weeks behind Flutracking at the national level. These results indicate 
that the healthdirect Australia influenza-like illness surveillance system reflects 
influenza-like illness in the community in a timely manner. 
The current case definition was also examined for timeliness. The results of the time 
series analysis demonstrated that removal of the “colds (paediatric)” and “Upper 
respiratory tract infections/colds and Upper respiratory tract infections/colds: pregnant” 
guidelines will negatively affect the timeliness of the healthdirect Australia ILI 
surveillance. 
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General Information 
Interview participants identified a number of aspects of the influenza season are 
currently missing from influenza surveillance in Australia. These include: 
 Mortality and morbidity data 
 Indicators of season severity 
 Vaccine efficacy 
 Reliable community syndromic surveillance 
 Visual geography of flu maps 
 Laboratory denominator data 
 The sustained linkage of crucial data sets 
 Easy reporting of hospital data 
 Seasonal thresholds 
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This evaluation identified that the healthdirect Australia ILI surveillance system is a 
useful tool for community ILI surveillance in Australia. This is consistent with other 
studies in the UK and US that have examined the usefulness of national health call 
centre data for ILI surveillance.41,48  
Objectives 
This evaluation was unable to determine if the healthdirect ILI surveillance system met 
the objectives of the system as no pre-existing objectives for the system were identified 
so stakeholders were asked to nominate what the objectives should be. The objectives 
of a surveillance system should reflect the use of the data generated by the system for 
public health action.55 Objectives for the system that were identified by stakeholders 
and are suitable for the system taking into account the systems’ capability include the 
following: 
 To detect the start of the influenza season each year 
 To gauge the severity of the influenza season each year 
 To detect community ILI 
 To act as an early warning signal for influenza 
 To detect the end of the influenza season each year 
 To validate other community ILI surveillance systems 
 To detect new influenza strains 
Timeliness, sensitivity and representativeness 
The results of the time series analysis indicate that the healthdirect Australia influenza-
like illness surveillance system reflects influenza-like illness activity in the Australian 
community at a national, state and local level and is useful for ILI surveillance at each 
of these levels.  
In the time series analysis there was variability in the timing of weekly changes in 
healthdirect Australia ILI rates in relation to weekly changes in laboratory notified 
influenza and Flutracking rates at a national, state and regional level. This is likely to be 
due to the variations in the influenza season across regions, states and years and the 
representativeness of the systems across states. Variation was also observed in the 
qualitatively observed relationship between the data sets over the study period.  
The qualitative relationships indicated that the healthdirect Australia data preceded and 
lagged the laboratory notified and Flutracking data at different time points over the 
study period. This suggests that the long term trend observed in the time series 
analysis may differ to the short term trends of each influenza season. A time series 
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analysis by year might yield some further information about the relationship between 
these three data sets over time.39 
Flutracking has a higher proportion of participants who reside in Tas, SA and the NT 
which may impact on the timing of Flutracking in relation to healthdirect Australia ILI 
data. A US study that examined the timing of national health call centre ILI data in 
relation to laboratory data and an ILI sentinel system found variation across states and 
cited population coverage of the national health call centre service as one of the 
reasons for the variation.48  
The results of the time series analysis also demonstrated that that the timing of weekly 
changes in healthdirect Australia ILI rates lagged one week behind weekly changes in 
laboratory confirmed influenza notification rates when the “colds (paediatric)” and 
“Upper respiratory tract infections/colds and Upper respiratory tract infections/colds: 
pregnant” were excluded. These results suggest that removal of the “colds (paediatric)” 
and “Upper respiratory tract infections/colds and Upper respiratory tract 
infections/colds: pregnant” will negatively affect the timeliness of the healthdirect 
Australia ILI surveillance. This confirms the qualitatively observed relationship between 
the two data sets (Figure 9) and indicates that the current ILI case definition provides 
more timely surveillance of influenza-like illness.  
 Simplicity, stability and data quality 
In terms of simplicity, the healthdirect Australia ILI system is almost completely 
automated and requires minimal time and effort from the professionals who access and 
report the raw data, making it simple to run and use. The data quality is excellent, with 
100% of the variables currently used for reporting complete. Other variables such as 
demographics were 96-100% complete and could potentially be used to analyse the 
data further.  
The healthdirect Australia component of the surveillance system has never failed and 
the Commonwealth component of the system has only had minimal disruption. Both 
services have an independent information management team who maintain and repair 
the system if it fails. This kind of automation and data management has also assisted in 
making other national health call centre surveillance systems, such as the National 
Health Service Direct in the UK, easy to operate and stable.41 
Flexibility 
The system has enough flexibility and capacity to respond to changing or increasing 
demands in a timely manner, which is important in rapidly evolving health crises such 
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as a pandemic. The health alert line is a great cost-effective tool that can be set-up in 
less than a day and only takes1-2 hours to modify once in operation. As the system 
operates at a national level, the system is a valuable resource for monitoring emerging 
pathogens in the community.  
Acceptability 
There was a consensus among interview participants that the healthdirect Australia ILI 
surveillance system can be used as a complementary surveillance system to other 
influenza or ILI surveillance systems in Australia, rather than as a stand-alone influenza 
surveillance system. The current format of the data generated by the system however 
was a contentious issue among stakeholders. The stakeholders indicated that although 
the data in its current format gives an overall trend of what’s happening across 
Australia, it fails to reflect ILI activity at a state level. This is important as the course of 
each influenza season varies from state to state, even region by region.  
One solution to this problem is to have the data reported at state level in addition to the 
national level in the National Influenza Surveillance Scheme; however the whole 
national influenza scheme report is already lengthy, so this may not be a possibility. 
Another solution is to give the jurisdictional representative from each state and territory 
their data. This could be conducted by either giving the jurisdictional representative 
access to the biosecurity surveillance data warehouse or negotiating with the 
healthdirect Australia representative for each participating state and territory so that the 
data is received in a regular and timely manner. 
The healthdirect Australia ILI surveillance system offers an opportunity to gain an 
insight into community ILI activity. During the 2009-2012 period, 32.5% of healthdirect 
Australia ILI patients were triaged to self or home care and 30.6% were triaged to see 
an appropriate health provider within 24 hours. Only 7.9% of healthdirect Australia ILI 
patients were directed to the emergency department.  
As the healthdirect Australia ILI surveillance system is a good representation of 
community ILI activity, the system makes some important additions to what is known 
about influenza activity in Australia. One important addition is the effect of influenza on 
children in the Australian community. Children in the 0-4 years age group have the 
highest disease burden in the Australian community with the highest influenza 
admission rates.25,26 This creates a substantial cost burden for the Australian 
community in terms of healthcare costs and other costs such as lost productivity due to 
carers taking time off work.27 
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The majority (54.5%) of healthdirect Australia patients are aged 0-4 years. This is in 
comparison to other influenza surveillance systems such as nationally notified influenza 
cases and Flutracking where the proportion of cases in the surveillance system aged 0-
4 years is 12.4% and 7% respectively. Other community based influenza surveillance 
systems such as the Australian Sentinel Practice Research Network (ASPREN) also 
only capture a small proportion of influenza activity among children in the community.40  
With the large paediatric representation, the healthdirect Australia ILI surveillance 
system can be used as an indicator of ILI activity among young children in the 
Australian community. This may improve the understanding of the impact of the 
influenza season on this age group and may enable a more targeted approach for the 
prevention of influenza in this age group.  
The healthdirect Australia ILI surveillance system may also serve as a proxy for ILI 
within families in the Australian community. After the 0-4 years age group, the next 
highest proportion (17.5%) of healthdirect Australia ILI patients occurred in the 20-29 
years and 30-39 years age groups combined. These age groups are likely to represent 
the carers of the 0-4 years age group and combined with the 0-4 years age group 
represent 72% of healthdirect Australia ILI patients.25 
Another important potential contribution that the healthdirect Australia ILI surveillance 
system provides is an indicator of seasonal influenza severity. In this evaluation, 
severity indicators were identified as one of the aspects that were missing from 
influenza surveillance in Australia by interview participants. The use of the attend ED 
immediately and provide self/home care final dispositions may provide an indicator of 
influenza severity at a community level.  
When the ratio of healthdirect Australia ILI patients assigned a final disposition of 
Attend ED immediately to the proportion of healthdirect Australia ILI patients assigned 
a final disposition of Provide self/home care is compared, the proportion of those 
patients who were assigned a final disposition of Attend ED immediately is stable over 
time. The use of the final disposition in this way has the potential to be used as an 
indicator of seasonal severity.  
The pandemic H1N1 strain is associated with severe disease and was the dominant 
strain in 2009, 2010 and 2011. In 2009, the community based ILI surveillance system 
Flutracking reported ILI rates that were lower than previous years, which was in 
contrast to what was being detected by health driven influenza surveillance systems 
such as emergency department surveillance systems, notifiable diseases databases 
and sentinel surveillance systems such as ASPREN.46  
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The reported ILI rates were noted to be similar to that of other countries and it was also 
noted that, in NSW, there wasn’t an increase in overall deaths but rather a 
redistribution of deaths.46 This suggests that the severity of the pandemic may not have 
been as severe as first thought. The redistribution of deaths among young people 
support the findings of other pandemic influenza reports that there was a substantial 
increase in hospital and ICU admissions among children and pregnant women due to 
pandemic influenza, suggesting severe disease in these vulnerable groups.16,29 
The healthdirect Australia service is based on a clinical assessment so the final 
disposition is less subject to extraneous influences such as advertising, media 
coverage and health seeking behaviours. These influences however, do result in 
increased call volumes. In 2009, the rates of ILI detected by healthdirect were 
substantially higher than laboratory notified influenza rates and Flutracking fever and 
cough rates compared to subsequent years and a large proportion of these calls were 
allocated Provide self/home care triage outcomes, suggesting the calls reflected 
community concern at that time, rather than true ILI activity in the community.  
The observed proportion of healthdirect Australia ILI patients allocated a final 
disposition of Attend ED immediately was lower in 2009 compared to subsequent 
years. The increased calls had the effect of dampening the severity of the season, as 
the overall proportion of healthdirect patients who were allocated a more severe triage 
outcome of Attend ED immediately didn’t alter significantly in comparison to 
subsequent years. The opportunity for misclassification of patients exists within the 
system but is minimised through the use of qualified clinicians and stringent clinical 
guidelines.  
The healthdirect Australia influenza-like illness system may also be useful as a method 
of monitoring inter-seasonal influenza-like illness activity as the system operates all 
year round. Community influenza-like illness surveillance systems such as Flutracking 
are limited to the influenza season. 
Limitations 
Autocorrelation is the serial correlation of the residual error terms.56 Sources of 
autocorrelation include trend and cyclical effects such as seasonality.56 Autocorrelation 
was detected in the residual error terms of the national healthdirect Australia and 
national laboratory notified influenza data sets in addition to the New South Wales 
Flutracking data sets. There are several reasons that autocorrelation may have been 
present.  
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The main reason for autocorrelation in residual error terms is the application of a poor 
time series model to time series data.57 This is unlikely to be the case in these data 
sets as a number of models were trialled with the same result and the model with the 
smallest RMSE was selected for use in the analysis. Another reason may be the non-
normal distribution of the data, however, normality is not an assumption for the Holt-
Winters exponential smoothing method.  
An additional reason for the autocorrelation in the healthdirect Australia and laboratory 
notified data may be that the data was at a national level, so incorporated the variations 
of the influenza seasons across the states and territories, making it difficult to remove 
sufficient trend and seasonality using the Holt-Winters exponential smoothing model. 
The application of a second level time series model may remove the remaining trend 
and seasonality. 
Autocorrelation was also noted to be present in the smaller data sets where there were 
values of zero over the inter-seasonal period, creating a trend in the residual series. 
The presence of zero values in time series data may impact on the analysis of the 
series using the Holt-Winters method, so further manipulation of the data may be 
required prior to analysis or another method may be required. 
Cross-correlation is the calculation of a series of correlation coefficients between two 
time series, usually residual error terms, over a series of successive time lags.39 If 
either of the time series demonstrate autocorrelation this suggests that there is 
fluctuation in the variance of the time series which can lead to confounding and an 
overestimate of the effect of association when the two series are cross-correlated.39  
It is possible that the cross-correlation estimates obtained for the comparison of the 
national healthdirect Australia ILI data to the national laboratory notified influenza data 
in this study are over-estimated due to autocorrelation. However, the Spearman rank 
correlations, the significant correlations at national, state and local level in addition to 
the comparative plots of the data series suggest that the cross-correlation did not occur 
by chance alone. The findings were also consistent with what was observed in the plots 
illustrating the comparisons of the data sets. 
Small cross-correlation values in time series analysis that compare syndromic 
surveillance systems to other surveillance methods have been noted in studies both in 
Australia and overseas where the correlation value has been in the range of 0.06 to 
0.22.39,41 This has mainly been attributed to the differences between the systems in 
terms of the case definition and external influences on the system.39 
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The interview participant sample size was small in this evaluation; therefore it is 
possible that information pertinent to the evaluation may have been missed or that the 
views provided by interview participants may not have been representative of the views 
held by influenza epidemiologists or healthdirect professionals in Australia, introducing 
selection bias. The response rate however was high, with 12/13 (92.3%) professionals 
who were invited to participate completing an interview and the interview participants 
were consistent in their views. In addition, every participating state except for one was 
represented. Other national health call centre evaluations that have been conducted, 
such as the National Health Service Direct evaluation also used a small number of 
stakeholders in the evaluation process.41 
It is possible that non-differential and differential misclassification bias was present in 
the healthdirect Australia ILI data, leading to an underestimate or over-estimate of the 
association between the healthdirect Australia ILI data and the laboratory notified 
influenza and Flutracking data. The direction of the bias would depend on the method 
of misclassification.  
Misclassification bias might occur due to the software used by all of the nurses, leading 
to non-differential misclassification bias. An example of this would be where the triage 
software detects a keyword associated with an ILI guideline such as cold, and 
populates a guideline of cold sores for the triage nurse to select. This type of bias, 
however, is likely to be minimal due to the clinical judgement and training of the triage 
nurses.  
Misclassification bias might also occur due to the nurses misclassifying a patient, 
leading to differential misclassification bias. An example of this would be where one 
nurse assigns a guideline of fever to every patient that called that particular nurse with 
fever and cough instead of a guideline of flu-like symptoms. This type of bias, however, 
is likely to be minimal as all triage nurses that work for healthdirect Australia are 
experienced and qualified registered nurses who undergo training for the nurse triage 
role and they follow stringent clinical guidelines which are created and reviewed by a 
medical team at healthdirect Australia. 
Sensitivity and predictive value positive in the context of a syndromic surveillance 
system are difficult to measure because the case definition is symptom based and the 
disease under surveillance can’t be confirmed.41 In this study, sensitivity and predictive 
value positive were unable to be determined for the healthdirect Australia ILI system as 
information on the number of people in with ILI in the community was not available. 
Therefore, the impact of the healthdirect ILI case definition and sensitivity on the timing 
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of healthdirect Australia ILI rates in relation to notified influenza and Flutracking fever 
and cough rates is unknown.  
Sensitivity in the context of the healthdirect Australia ILI surveillance system represents 
the proportion of people who were classified as ILI (i.e. by having an ILI guideline 
assigned to them at time of triage) divided by the total number of people with ILI in the 
community. The predictive value positive represents the probability of a healthdirect 
Australia caller classified with ILI being a true case of ILI.55  
Conclusion 
 
The healthdirect Australia ILI surveillance system is a useful tool that can be used as a 
timely measure of ILI in the Australian community at a national, state and regional 
level. The system is easy to use, stable and representative of ILI activity in the 
Australian community. The use of the system as a complementary ILI system to 
existing influenza surveillance systems in Australia offers new insights into paediatric 
ILI activity in the community in addition to a measure of severity. The addition of the 
information generated by the system may better inform influenza control strategies and 
policies in Australia. 
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Recommendations 
 
The following recommendations have been made as a result of this study: 
Recommendation 1: The healthdirect Australia ILI data should continue to be reported 
in the National Influenza Surveillance Scheme report during the influenza season. 
Recommendation 2: The ratio of healthdirect Australia ILI patients who are assigned a 
final disposition of Attend ED immediately to healthdirect Australia ILI patients who 
were assigned a final disposition of Provide self/ home care should be incorporated into 
the National Influenza Surveillance Scheme report as a measure of severity. 
Recommendation 3: All states and territories utilising healthdirect Australia should be 
provided with ILI data for their jurisdiction during the influenza season in a timely 
manner. 
Recommendation 4: All states utilising healthdirect Australia should incorporate the 
healthdirect Australia ILI data for their state into their influenza surveillance. 
Recommendation 5: The objectives identified in this study for this surveillance system 
should be adopted by the Commonwealth Department of Health. 
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Appendix 1 
healthdirect Australia ILI surveillance evaluation plan utilising the Centers for 
Disease Control model 
Background 
Purpose of the evaluation 
This study will evaluate the feasibility and capability of the healthdirect Australia system 
to function as a surveillance tool for influenza. This includes evaluating the system for 
purposes of early warning, a measure of burden of illness in the community and as a 
tool for situational awareness and reducing risk in the community.  
An additional purpose of this evaluation is to provide feedback to stakeholders on the 
strengths of the current system of data utilisation and recommendations to enhance the 
surveillance capability of the system.  
Stakeholder Consultations 
See table in Appendix 2 
Surveillance purpose and operation  
To identify purposes and objectives of the system we need to engage stakeholders and 
review key documents and/or electronic records that outline purposes and objectives of 
using routinely collected data from healthdirect Australia data as a surveillance system. 
The method used for engagement will be initially by e-mail then teleconference. The 
surveillance purpose and objectives will be explored with stakeholders by survey. Data 
flow through the surveillance system will be demonstrated through a diagrammatic 
display.  
Methods 
Evaluation Design 
The evaluation will utilise a mixed methodology of qualitative and quantitative methods. 
Methods used will be engagement of stakeholders by e-mail and teleconference, 
document search and analysis and examining previous surveillance output reports.   
Gathering Evidence for Performance Parameters 
Simplicity 
There are some key elements to explore when assessing the simplicity of a 
surveillance system.1 The first is the utility of the case definition. This requires 
understanding how the case definition was created and how information flows through 
the system to fulfil the case definition. To gain this understanding, interviews with 
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stakeholders and document analysis will be undertaken. The case definition for 
influenza like illness as reported by the Department of Health and Ageing is the 
allocation of any of the following influenza related guidelines to callers: 
Colds (Paediatric) 
Cough (Paediatric) 
Cough- Adult 
Flu-like Symptoms 
Flu-Like Symptoms, Pregnant 
Influenza A (H1N1) Swine Flu 
Influenza (Swine) 
Upper respiratory Tract Infections/ Colds 
Upper Respiratory Tract Infections/ Colds: Pregnant 
Additional information that that could enhance the surveillance capability will also be 
explored. This can be found in the data set that healthdirect Australia collects. A review 
of the data dictionary for the data set would be useful in interpreting the data fields and 
establishing the simplicity of obtaining this extra information.  
Examining how the system integrates with internal and external systems is another key 
feature of examining simplicity.1 This will involve documenting the flow of information 
through both the internal structure of healthdirect Australia and the flow of information 
to external systems such as the National Influenza Surveillance Scheme. Documenting 
the flow of information will also assist in assessing the simplicity of data collection and 
management.  
Analysis of data collection and management will include an examination of what the 
data sources are, how the data is collected, how long it takes to collect the data, what 
the process is for entering the data into the system, the time it takes to enter the data 
and how data is stored, edited and transferred. In addition to documenting the flow of 
information through the system, survey answers will be used in the analysis. 
Data analysis will involve examination of who is analysing the data, how often the data 
are analysed, what methods are used for data analysis, the time it takes for data 
analysis, where the analysed data is disseminated to and how often the data is 
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disseminated. Obtaining this information will require engagement with the data 
manager for healthdirect Australia. 
Examining the functionality aspect of the system will require analysis of the categories 
of personnel involved in maintenance, maintenance tasks and the time required to 
complete maintenance tasks.1 This will be explored using survey answers and monthly 
reports that describe the functionality of the system.  
Flexibility 
In 2009 healthdirect Australia assisted with service delivery during the pandemic. This 
required developing and implementing an appropriate response to this event.2 The 
pandemic response will be an appropriate event to analyse the flexibility of the system. 
Analysis of the response will involve a review of the use of the ‘swine flu’ guideline 
during the pandemic period and survey answers from stakeholders to explore the 
ability of the system to adapt to changing needs. Survey questions will focus on the 
utilisation of the data that was produced from the use of the swine flu guideline.  
Data Quality 
Data quality reflects the completeness and validity of the data in the system.1 To 
examine the data quality will require an analysis of the data set. Completeness of data 
fields will be related to the case definition. Analysis for the completion of data fields will 
examine the proportion of data fields that were completed for the case definition of 
influenza like illness(ILI). Analysis will also include what proportion of ILI calls to 
healthdirect Australia had a guideline assigned to them as this will impact on the 
completeness of data. This will only include ILI calls where no guideline was assigned 
at all. These calls will then be reviewed collaboratively to further refine the proportion of 
ILI calls that did not have a guideline assigned to them. The data quality will be 
examined in the context of data flow and management as well as the acceptability and 
representativeness of the system as these elements also affect data quality.1 
Acceptability 
Acceptability refers to the willingness of people and organisations to participate in the 
system.1 Data quality and survey answers from stakeholders will be used to determine 
acceptability to stakeholders that utilise healthdirect Australia data for surveillance 
purposes in relation to influenza like illness.  
Sensitivity 
Sensitivity in relation to surveillance systems refers to the ability of the system to detect 
cases and outbreaks.1 Positive predictive value refers to the ability of the systems to 
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correctly identify cases.1 Both sensitivity and positive predictive value will be 
demonstrated by a qualitative and quantitative analysis that compares healthdirect 
Australia data to nationally notified cases of influenza detected by PCR as well as 
Flutracking. Different combinations of guidelines will be compared against each data 
set to provide an overview of which combination of guidelines most accurately 
describes influenza like illness. Sensitivity and positive predictive value are influenced 
by case definition and extraneous influences such as health seeking behaviours, the 
proportion of the population vaccinated, virulence and proportion of the population with 
phones, so the sensitivity and positive predictive value will be analysed in this context. 
The sensitivity of the system to detect individual cases compared to outbreaks will also 
be examined. 
Representativeness 
Representativeness refers to the ability of a surveillance system to accurately describe 
the patterns of a health event over time and the distribution in the population by place 
and person.1 Representativeness of the healthdirect Australia surveillance system for 
influenza like illness will be assessed by two methods. One method will involve the 
comparison to national influenza notification numbers and flutracking data as 
previously described. The second method will be to compare the demographics of 
healthdirect Australia patients with the demographics, sex and Indigenous status of 
influenza cases in the Australian population as well as Flutracking participants.  
Timeliness 
Timeliness refers to the time it takes for information to flow through the surveillance 
system.1 Timeliness for the healthdirect Australia surveillance system for influenza like 
illness will be assessed by calculating the time it takes from the time of the call to 
healthdirect to the final report for both individual and outbreak cases. This will then be 
examined in the context of healthdirect Australia reports produced for the National 
Influenza Scheme. 
Stability 
Stability refers to the reliability and availability of the system.1 Relevant measures 
include the amount of time the system is in operation, how often the system has down 
time and the length of that down time.1 Additional measures include examining who is 
responsible for returning the system to its functional capacity if the system goes down 
and how long it takes for that person to complete that task and outages that have 
occurred due to updates to the system. This information will be obtained through 
analysis of monthly reports and interviews with the data manager from healthdirect 
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Australia and one member of the reporting team from MHS. Stability can also be 
examined in the context of timeliness and simplicity. 
Conclusions and Recommendations 
Conclusions will be made in relation to each of the performance parameters. These 
parameters will be considered in the context of the purpose and objectives of the 
system. The purpose and objectives of the system will also be considered when 
making recommendations on modifying system performance.  
Dissemination of evaluation findings 
 
A comprehensive report will be written covering all aspects of the evaluation and 
distributed to all stakeholders. The report will also be included in a thesis submitted to 
the Australian National University. In addition to this report, a manuscript will be 
prepared for submission to a peer-reviewed journal. Dissemination of evaluation 
findings will also occur through oral presentations to appropriate audiences. 
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Appendix 2 
 Stakeholders for consultation 
Stakeholder Group/Team/Member 
Public Health Public Health practitioners from at least 
one jurisdiction 
 Department of Health and Ageing One member from the Influenza team 
 healthdirect Australia contract manager 
healthdirect  Australia Clinical Governance 
 Data Analyst 
 Medical Director 
Influenza Surveillance working group At least one member 
NSW Ministry of Health At least one member from the Public 
Health Intelligence Unit 
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Appendix 3 
 Information Flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Incubation 
Person develops symptoms 
Person contacts healthdirect Australia 
Registered Nurse enters symptom information 
Symptoms entered trigger clinical guideline 
Guideline leads to triage outcome 
Data goes into central server 
Biosecurity surveillance data 
set extracted by medibank 
reporting team 
Data sent to the virtual Biosecurity 
Surveillance System data 
warehouse 
Data manipulated by member of 
Influenza team 
Data reported in National 
Influenza Scheme weekly report 
on-line 
Data sent to list 
of users including 
healthdirect staff 
Data extracted from warehouse by 
Department of Health staff 
General public 
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Appendix 4 
healthdirect Australia ILI evaluation questionnaire- Respiratory Epidemiologist 
Generic 
1. What organisation do you work for? 
2. What is the title of your professional position? 
3. How long have you been involved in influenza surveillance? 
4. What are the main activities of your professional position? 
Public Health Action 
5. Are you aware of the healthdirect Australia nurse triage helpline? 
6. Are you aware the ILI data from this helpline is reported in the National 
Influenza Surveillance Scheme? If yes, can you tell me what’s in the report? 
7. Do you review this report? 
8. If yes to 7, what do you review the report for (ie.surveillance purposes)? If no to 
7, go to Q13 
9. When (i.e. during flu season) and how often do you review the report? 
10. Have you/others taken public health action as a result of reviewing the data (i.e. 
Public health messaging)? Why/why not? 
11. What was the role of the healthdirect Australia nurse triage helpline during the 
2009 pandemic? 
12. What was requested from healthdirect Australia during the pandemic to fulfil this 
role? 
13. What were the challenges of getting the healthdirect Australia helpline to flex in 
order for the helpline to fulfil its’ role during the pandemic? 
14. What was your professional position in 2009, did you use the data during the 
2009 pandemic? If yes, what was the main reason for using the data? If no, 
what did you use? 
15. What reports were generated for the health department by healthdirect 
Australia? 
16. What were the reporting mechanisms? 
17. Was there a focal liaison point between the health department and healthdirect 
Australia? 
18. Were there any challenges in the communication between healthdirect Australia 
and the health department during the pandemic? 
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Objectives/Purpose 
19. Are you aware of any written objectives/purpose for the use of the healthdirect 
data for surveillance purposes? 
20. If no to 5, 6 or 7, what methods do you use for influenza surveillance in your 
state or territory? Why? 
21. If there is no written objectives/purpose for the use of the healthdirect data for 
surveillance purposes, what do you think they should be? 
22. What does the term situational awareness mean to you (i.e. How would you 
describe it?)? 
23. Do you think that the healthdirect Australia ILI data reported in the National 
influenza surveillance scheme is useful for situational awareness? Why? 
Simplicity/Stability 
24. For the following statements, use the likert scale below to indicate your 
response. 
     1. Strongly agree     2. Agree        3. Undecided       4.Disagree     5. Strongly 
disagree 
The healthdirect ILI data is easy to access 
The healthdirect ILI data is easy to interpret 
System Satisfaction 
I am satisfied with the healthdirect ILI surveillance system 
The healthdirect ILI surveillance system accurately reflects community ILI activity in 
Australia 
The healthdirect ILI surveillance system accurately reflects influenza activity in 
Australia 
The healthdirect ILI surveillance system can be used as a stand-alone surveillance 
system for community ILI surveillance in Australia 
The healthdirect ILI surveillance system can be used as a stand-alone surveillance 
system for influenza surveillance in Australia 
The healthdirect ILI surveillance system can be used to complement other 
community ILI surveillance systems in Australia 
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The healthdirect ILI surveillance system can be used to complement other influenza 
surveillance systems in Australia 
25. What parts of the report are useful to you and why? 
26. What improvements could be made to the reporting of the ILI data? 
27. What do you think is missing from ILI/influenza surveillance in Australia? 
28. What questions do you have about ILI or influenza that the healthdirect data 
may answer? 
29. Will you use in the future/continue to use this data for influenza surveillance? 
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Appendix 5 
All healthdirect Australia guidelines 
 
 
Guideline Title 
Abdominal Injury
Abdominal Pain - Female (Paediatric)
Abdominal Pain - Male (Paediatric)
Abdominal Pain / Discomfort
Abdominal Pain, Pregnant >20 Weeks
Abortion <20 Wks--Threatened/Spontaneous
Abortion--Therapeutic/Elective; Sx Post
Abrasions/Lacerations/Puncture Wounds (Paediatric)
Abrasions/Lacerations/Puncture Wounds.
Acute Alcohol Intoxication
Adult Fever
Aggression and Behavioural Disturbance (Paediatric)
Allergic Reaction Severe; Known / Suspected
Allergies / Hay Fever Symptoms
Amenorrhoea
Anaphylaxis (Paediatric)
Ankle Injury
Ankle Non-Injury
Antenatal Testing - Amniocentesis / CVS
Anus Symptoms (Paediatric)
Anxiety: Mild to Moderate
Anxiety: Severe / Panic
Arm Joint, Swelling of (Paediatric)
Arm Pain (Paediatric)
Asthma Attack
Asthma Attack (Paediatric)
Athlete's Foot (Paediatric)
Athlete's Foot; Known / Suspected
Back Pain (Paediatric)
Back Symptoms - Upper / Lower
Back Symptoms, Pregnant
Bee Sting (Paediatric)
Bite, Animal or Human (Paediatric)
Bites - Animal / Human
Bites - Snake
Bites - Snake (Paediatric)
Bites and Stings - Insects / Spiders
Bites and Stings - Insects / Spiders (Paediatric)
Bites and Stings-Marine Life
Bites and Stings-Marine Life (Paediatric)
Blisters, Foot or Hand (Paediatric)
Bloody Urine (Haematuria)
Blue Ringed Octopus - Actual / Suspected Bite / Sting (Paediatric)
Blue Ringed Octopus - Actual / Suspected Bite/Sting
Bluish Skin (Cyanosis) (Paediatric)
Bottle-Feeding Questions (Paediatric)
Box Jelly Fish Sting - Actual / Suspected
Box Jelly Fish Sting - Actual / Suspected (Paediatric)
Breast Disorders - Male
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Breast Symptoms - Female
Breast Symptoms - Postpartum
Breastfeeding Questions (Paediatric)
Breath-Holding Spell (Paediatric)
Breathing Difficulty - Severe (Paediatric)
Breathing Problems
Breathing, Noisy - Guideline Selection (Paediatric)
Bronchiolitis: Follow-Up Call (Paediatric)
Bruises
Bruises (Paediatric)
Burns
Burns (Paediatric)
Carbon Monoxide Exposure; Kn./Susp.
Cast Splint Problem
Cast Splint Problem (Paediatric)
Chemical in the Eye
Chemical in the Eye (Paediatric)
Chest Injury
Chest Pain (Paediatric)
Chest Pain / Discomfort
Chest pain >8 hours
Chickenpox (Paediatric)
Chickenpox: Known / Suspected Exposure
Choking (Inhaled Foreign Body) (Paediatric)
Chronic Diseases (Paediatric)
Circumcision Problems (Paediatric)
Cognitive Impairment in the Elderly
Cold Exposure
Cold Exposure (Paediatric)
Cold Sores
Cold Sores (Paediatric)
Colds (Paediatric)
Coma / Stupor
Cone Shell Sting-Marine Life
Cone Shell Sting-Marine Life (Paediatric)
Confusion - Delirium (Paediatric)
Confusion / Disorientation / Agitation
Congestion - Guideline Selection (Paediatric)
Constipation (Paediatric)
Constipation / Rectal Symptoms
Contact Lens Problems
Cough - Adult
Cough (Paediatric)
Cracked Skin (Paediatric)
Cradle Cap (Paediatric)
Croup (Paediatric)
Crying Baby Under 3 mo (Paediatric)
Crying Child > 3 mo (Paediatric)
Dehydration
Depression / Mood Disorders
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Depression: Post natal
Diabetes: Diagnosed, Pregnant
Diabetes: Foot Problems
Diabetes: GI Problems
Diabetes: Out of Control
Diabetes: Paediatric
Diabetes: Respiratory Problems
Diarrhoea (Paediatric)
Diarrhoea / Change in Bowel Habits
Diarrhoea on Antibiotics (Paediatric)
Disability: Third Party Triage [NEW]
Disability: Third Party Triage Paediatric [NEW]
Dizziness (Paediatric)
Dizziness / Vertigo
Dysmenorrhoea
Ear - Hearing Symptoms
Ear - Pain/Injury/Foreign Body
Ear - Pulling at (Paediatric)
Ear Congestion (Paediatric)
Ear Discharge (Paediatric)
Ear Infection Follow-Up Call (Paediatric)
Ear, Foreign Body (Paediatric)
Ear, Swimmer's (Paediatric)
Earache (Paediatric)
Eating Disorders / Problems
Eating Disorders / Problems (Paediatric)
Ectopic Pregnancy; Known / Suspected
Elbow Injury
Elbow Non-Injury
Electric Shock
Electric Shock Paediatric
Emergency Contraception; Information
Endometriosis; Known / Suspected
Eye - Allergy (Paediatric)
Eye - Foreign Body in (Paediatric)
Eye - Red without Pus (Paediatric)
Eye - with Pus (Bacterial) (Paediatric)
Eye Condition - No Injury / Vision Change
Eye Infection / Irritation
Eye Injury / UV Light Exposure
Eye, Swelling of (Paediatric)
Eye; Other Problems
Eyes, Dark Circles Under (Paediatric)
Face Injury
Face Pain / Swelling - No Injury
Face, Swelling of (Paediatric)
Failure on Antibiotics (Paediatric)
Fainting
Fainting (Paediatric)
Falls
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Fatigue
Fever (Paediatric)
Fifth Disease (Paediatric)
Fifth Disease; Known / Suspected
Finger / Fingernail Injury
Finger / Fingernail Non-Injury
Flank Pain
Fluid Intake Decreased (Paediatric)
Flu-Like Symptoms
Flu-Like Symptoms, Pregnant -REMOVED
Foetal Movement - Decreased, Pregnant
Fontanelle, Bulging (Soft Spot) (Paediatric)
Foot Injury
Foot Non-Injury
Foot or Ankle, Swelling of (Paediatric)
Forearm Injury
Forearm Non-Injury
Foreign Body, Skin (Splinter) (Paediatric)
Foreskin Retraction Problems (Paediatric)
Frostbite and Cold Injuries (Paediatric)
Genital Herpes; Known / Suspected
Genital Lesions - Female
GI Bleeding
GI Symptoms, Multiple: Guideline Selection (Paediatric)
Hair Loss
Hand Injury
Hand Non-Injury
Hand/Foot/Mouth Disease; Known/Suspected
Hand-Foot-Mouth Disease (Paediatric)
Hay Fever (Paediatric)
Head Injury
Headache
Headache (Paediatric)
Hearing Loss or Change (Paediatric)
Heartburn, Pregnant
Heat Exposure
Heat Injuries (Paediatric)
Hepatitis A Exposure (Paediatric)
Hepatitis; Known / Suspected
Hernia, Inguinal (Paediatric)
Hiccups
Hip Injury
Hip Non-Injury
Hives (Paediatric)
Hoarseness (Paediatric)
Hydrocoele (Paediatric)
Hypertension; Diagnosed, Pregnant
Hypertension; Known / Suspected
Immunisation Reactions
Immunisation Reactions (Paediatric)
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Immunisation Reactions H1N1
Immunisation Reactions H1N1 (Paediatric)
Impetigo (Paediatric)
Implanon; Symptoms / Information
Influenza [Swine]
Itching / No Rash, Pregnant
Itching, Localised (Paediatric)
Itching, Widespread (Paediatric)
IUD; Symptoms
Jaundice, Children/Teenagers (Paediatric)
Jaundiced Newborn (Paediatric)
Knee Injury
Knee Non-Injury
Leg Joint, Swelling of (Paediatric)
Leg Pain (Paediatric)
Lice (Paediatric)
Limp (Paediatric)
Lip, Swelling of (Paediatric)
Lower Leg Injury
Lower Leg Non-Injury
Lymph Nodes, Swollen (Paediatric)
Manic Behaviour
Medical Abortion: Symptoms/Info Guideline Comparison
Medication Question Encounters (Paediatric)
Medication Question Encounters Adult
Menopause; Known / Suspected
Menstrual Cramps (Paediatric)
Menstrual Period, Missed or Late (Paediatric)
Motion Sickness (Paediatric)
Mouth / Lip / Teeth Injury
Mouth / Lip / Tongue Lesions
Mouth Ulcers (Paediatric)
Mumps; Known / Suspected
Muscle Ache / Pain
Muscle Jerks, Tics and Shudders (Paediatric)
Nappy Rash (Paediatric)
Nausea (Paediatric)
Nausea / Vomiting
Nausea / Vomiting, Pregnant
Near Drowning [NEW]
Near Drowning Paediatric[NEW]
Neck Lump / Swelling
Neck Pain (Paediatric)
Neck Pain or Injury
Neurological Symptoms / TIA
Newborn Appearance (Paediatric)
Newborn Pink/Brickdust Urine (Paediatric)
Newborn Rashes & Birthmarks (Paediatric)
Newborn Reflexes & Behaviour (Paediatric)
Nighttime Urination
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No Guideline Available (Adult)
No Guideline Available (Paediatric)
Non Occupational Post Exposure Prophylax
Nose, Foreign Body (Paediatric)
Nosebleed - With and Without Injury
Nosebleed (Paediatric)
Obsessions / Compulsions
Oedema, Pregnant
Oral Contraceptive Pills; Symptoms/Info
Pain, Multiple Sites: Guideline Selection (Paediatric)
Pale Skin (Paediatric)
Palpitations/Irregular Heartbeat
Pap Smear; Symptoms/Information
Pelvic Pain / Dyspareunia
Penis - Scrotum Symptoms (Paediatric)
Penis Problems / Sexual Problems
Phobias
Poison Information
Poisoning [Paediatric]
Postoperative Problems
Postoperative Problems Paediatric
Postpartum - Common Problems
Preterm Labour, 20-37 Weeks Gestation
Progesterone Contraception; Symptoms / Information
Prolapsed Cord; Known / Suspected
Psychological Trauma
Psychosis
Pubic Lice; Known / Suspected
Rash / Hives / Eruptions
Rash, Amoxycillin (Paediatric)
Rash, Purple Spots or Dots (Paediatric)
Rashes - Guideline Selection (Paediatric)
Rashes - Widespread, on Drugs (Paediatric)
Rashes, Localised, Cause Unknown (Paediatric)
Rashes, Widespread, Cause Unknown (Paediatric)
Redback Spider Bite
Redback Spider Bite (Paediatric)
Reflux (Paediatric)
Respiratory Symptoms, Multiple: Guideline Selection (Paediatric)
Rh Negative/Anti-D Info, Pregnant
Rhus Exposure
Rhus Exposure (Paediatric)
Ringworm (Paediatric)
Rubella: Dx; Known or Suspected
Rubeola: Dx; Known or Suspected
Ruptured Membranes, Pregnant
Scarlet Fever (Paediatric)
Scrotum / Testicles Symptoms
Scrotum or Groin Swelling/Pain: Male (Paediatric)
Seen Doctor/Health Care Provider
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Seen Doctor/Health Care Provider [Paediatric]
Seizure
Seizure - with Fever (Paediatric)
Seizure - without Fever (Paediatric)
Seizure, Pregnant
Self Harm Behaviour
Sexual Assault / Rape
Sexual Assault <72 hours (Adult) NT
Sexual Assault >72 hours (Adult) NT
Sexual Assault/Indecent Act < 2 weeks WA
Sexual Disorders
Shoulder Injury
Shoulder Non-Injury
Signs of Labour, Pregnant
Sinus Pain and Congestion (Paediatric)
Skin / Rash, Pregnant
Skin Lesions / Skin Irritation
Skin, Swelling of (Paediatric)
Sleep Disorders
Sleep, Increased (Paediatric)
Sore Throat (Paediatric)
Sore Throat / Hoarseness
Sore Throat / Hoarseness, Pregnant
Sores (Paediatric)
Stinging Fish
Stools, Blood in (Paediatric)
Stools, Unusual Colour of (Paediatric)
Strep Throat Follow-Up Call (Paediatric)
Stress Response
Stye (Paediatric)
Substance Abuse (Paediatric)
Substance Abuse: Diagnosed/Suspected
Suicidal and/or Homicidal Behaviour
Suicide Concerns (Paediatric)
Sunburn
Sunburn (Paediatric)
Sunburn-Like Rash/Toxic Shock; Kn./Susp.
Super Glue Exposure
Super Glue Exposure Paediatric
Suture Questions
Suture Questions (Paediatric)
Swallowed Foreign Body
Swallowed Foreign Body (Paediatric)
Swallowing Difficulty
Swallowing, Difficulty (Paediatric)
Swollen Glands
Tear Duct, Blocked (Paediatric)
Teething (Paediatric)
Thigh Injury
Thigh Non-Injury
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Thrush (Paediatric)
Tick Bite
Tick Bite (Paediatric)
Toe / Toenail Injury
Toe / Toenail Non-Injury
Tooth, Gum and Jaw Symptoms
Toothache (Paediatric)
Trauma - Abdominal (Paediatric)
Trauma - Arm (Paediatric)
Trauma - Back (Paediatric)
Trauma - Chest (Paediatric)
Trauma - Ear (Paediatric)
Trauma - Eye (Paediatric)
Trauma - Face (Paediatric)
Trauma - Finger (Paediatric)
Trauma - Genital: Female (Paediatric)
Trauma - Genital: Male (Paediatric)
Trauma - Head (Paediatric)
Trauma - Leg (Paediatric)
Trauma - Mouth (Paediatric)
Trauma - Neck (Paediatric)
Trauma - Nose (Paediatric)
Trauma - Tailbone (Paediatric)
Trauma - Toe (Paediatric)
Trauma - Tooth (Paediatric)
Trauma, Multiple Sites: Guideline Selection (Paediatric)
Trauma, Pregnant
Tremor
Umbilical Cord, Bleeding (Paediatric)
Umbilical Cord, Delayed Separation (Paediatric)
Umbilical Cord, Oozing (Paediatric)
Umbilical Hernia (Paediatric)
Upper Arm Injury
Upper Arm Non-Injury
Upper Respiratory Tract Infections / Colds
Upper Respiratory Tract Infections/Colds: Pregnant
Urinary Incontinence
Urinary Symptoms - Female
Urinary Symptoms / Prostate Problems
Urination - All Other Symptoms (Paediatric)
Urination - Wetting (Enuresis) (Paediatric)
Urination, Pain - Female (Paediatric)
Urination, Pain - Male (Paediatric)
Urine - Unusual Colour or Odour (Paediatric)
Urine, Blood in (Paediatric)
Uterine Prolapse; Diagnosed/Info
Vagina, Foreign Body (Paediatric)
Vaginal Bleeding - Menopausal, no HRT
Vaginal Bleeding (Premenopausal) -- Abnormal
Vaginal Bleeding After Puberty (Paediatric)
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Vaginal Bleeding and >20 Weeks Gestation
Vaginal Bleeding Before Puberty (Paediatric)
Vaginal Bleeding, on HRT
Vaginal Discharge / Irritation
Vaginal Foreign Body; Known / Suspected
Vaginal Itching/Irritation (Paediatric)
Vaginal Symptoms After Puberty (Paediatric)
Vaginal Symptoms Before Puberty (Paediatric)
Version; Post Procedure Sx, Pregnant
Vision Loss or Change (Paediatric)
Vomiting (Paediatric)
Vomiting of Blood (Paediatric)
Vomiting When Taking Medications (Paediatric)
Weakness (Paediatric)
Weakness / Paralysis
Weight Loss
Wheezing - Other than Asthma (Paediatric)
Withdrawal Symptoms
Worms (Paediatric)
Wound Infection
Wound Infection (Paediatric)
Wrist Injury
Wrist Non-Injury
Nurse Call Back
Nurse Call Back [Paediatric]
Allied Health Encounter
Allied Health Encounter [Paediatric]
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Appendix 6 
Distribution and time series analysis 
Histograms including 2009 data 
Histograms were constructed for each of the national data sets (Figure 1). All three 
histograms demonstrate a non-normal distribution that is positively skewed when the 
normal curve is applied.  
Figure 1: Histograms of age standardised rates of A. healthdirect Australia influenza-like 
illness cases B. Flutracking fever and cough cases and C. Laboratory confirmed 
influenza cases notified to the national notifiable diseases surveillance system with 
normal distribution curve, Australia, 2009-2012 
 A.                                                                                        B. 
   
 C. 
 
The non-normal distribution is confirmed by applying the Shapiro-Wilk test for normality 
(Table 1). The Shapiro-Wilk W statistic is statistically significant for each of the data 
sets, indicating that the null hypothesis that the distribution is normal can be rejected. 
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Table 1: Results of the Shapiro-Wilk normality test for healthdirect Australia influenza-
like illness cases, Flutracking fever and cough cases and laboratory confirmed influenza 
cases notified to the national notifiable diseases surveillance system, Australia, 2009-
2012 
Variable Number of 
observations 
W V Z P-value 
Healthdirect Australia 208 0.50 76.84 10.01 <0.01 
Flutracking participants with fever and 
cough 
122 0.96 4.13 3.18 <0.01 
Nationally notified influenza cases 208 0.55 70.02 9.80 <0.01 
 
The skewness and kurtosis test for normality indicated that the skewness of all three 
data sets was significantly different from the normal distribution (Pr (skewness) <0.01, 
0.02 and <0.01) (Table 2). In addition, the test also indicated that kurtosis was 
significantly different from the normal distribution for the healthdirect Australia ILI and 
nationally notified influenza data (Pr (kurtosis) <0.01) (Table 2).  
 
The p-value for these two data sets (p<0.01) indicates that the null hypothesis that the 
data sets are normally distributed can be rejected, confirming the results of the 
previous tests. The Flutracking data was slightly different. The test for kurtosis 
indicates that the peak of the data approximates the normal distribution (Pr (kurtosis) 
=0.96), and even though skewness is present, the null hypothesis that the data set is 
normally distributed can’t be rejected based on the kurtosis (p=0.08). 
 
Table 2: Results of the skewness and kurtosis test for healthdirect Australia influenza-
like illness cases, Flutracking fever and cough cases and laboratory confirmed influenza 
cases notified to the national notifiable diseases surveillance system, Australia, 2009-
2012 
Variable Number of 
observations 
Pr 
(skewness) 
Pr 
(kurtosis) 
Adj. 
chi 
P-value 
Healthdirect Australia 208 <0.01 <0.01 - <0.01 
Flutracking participants with 
fever and cough 
122 0.02 0.96 5.10 0.08 
Nationally notified influenza 
cases 
208 <0.01 <0.01 - <0.01 
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Histograms excluding 2009 data 
Histograms of the three data sets were constructed and can be seen in Figure 2. After 
exclusion of the 2009 data, the data sets remain positively skewed. 
Figure 2: Histograms of age standardised rates of A. healthdirect Australia influenza-like 
illness cases B. Flutracking participants with fever and cough and C. Laboratory 
confirmed influenza cases notified to the national notifiable diseases surveillance system 
with normal distribution curve, Australia, 2010-2012 
 
A.                                                                                     B. 
  
 
C. 
 
The Shapiro-Wilk W statistic indicates that all three data sets remain significantly 
different from the normal distribution after removing the 2009 data. 
Table 3: Shapiro-Wilk normality test statistics for healthdirect Australia influenza-like 
illness cases, Flutracking fever and cough cases and laboratory confirmed influenza 
cases notified to the national notifiable diseases surveillance system, Australia, 2010-
2012 
Variable Number of 
observations 
W V Z P-value 
Healthdirect Australia 156 0.88 15.03 6.16 0.00 
Flutracking participants with fever and 
cough 
90 0.97 2.65 2.15 0.02 
Nationally notified influenza cases 156 0.71 34.74 8.06 0.00 
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The results of the skewness and kurtosis test for normality indicate that the healthdirect 
Australia ILI and nationally notified influenza data continues to have statistically 
significant skewness and kurtosis after the removal of the 2009 data (Table 4). The 
skewness and kurtosis test for the Flutracking data indicates that the kurtosis continues 
to approximate the normal distribution and the skewness that is present in the 
histogram is not significant (Pr(skewness)0.36) (Table 4). 
Table 4: Skewness and kurtosis test for normality statistics for healthdirect Australia 
influenza-like illness cases, Flutracking fever and cough cases and laboratory confirmed 
influenza cases notified to the national notifiable diseases surveillance system, Australia, 
2010-2012 
Variable Number of 
observations 
Pr 
(skewness) 
Pr 
(kurtosis) 
Adj. 
chi 
P-value 
Healthdirect Australia 156 0.00 0.00 34.87 0.00 
Flutracking participants with 
fever and cough 
90 0.36 0.87 0.89 0.74 
Nationally notified influenza 
cases 
156 0.00 0.00 55.46 0.00 
 
Boxplots including 2009 data 
Boxplots of each data set were constructed (Figure 3). All three boxplots have a 
positively skewed distribution, confirming the results of the histograms and the 
normality tests. The presence of outliers in boxplots A and C suggest that these two 
data sets have the largest range of values (Figure 3). In boxplots A and C, the median 
value is skewed left, suggesting that age standardised rates are concentrated at lower 
values (Figure 3). The values of boxplots A and C confirm this distribution where the 
difference between the median and the first quartile (4.13) is smaller than the 
difference between the median and the third quartile (9.88) (Table 5).  
This is in contrast to boxplot B, where the median is skewed to the right which implies 
that age standardised rates are concentrated at higher values (Figure 3). The values of 
boxplot B confirm this distribution where the difference between the median and the 
third quartile (13.6) is smaller than the difference between the median and the first 
quartile (22.9) (Table 5). These results are consistent with the histograms for each of 
these data sets (Figure 1). 
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Figure 3: Boxplots of age standardised rates of A. healthdirect Australia influenza-like 
illness cases B. Flutracking fever and cough cases and C. Laboratory confirmed 
influenza cases notified to the national notifiable diseases surveillance system, by week, 
Australia, 2009-2012 
 
A.                                                                                       B. 
  
 C. 
 
 
Table 5: Boxplot values for age standardised rates of healthdirect Australia influenza-like 
illness cases, laboratory confirmed influenza cases notified to the national notifiable 
diseases surveillance system and Flutracking fever and cough cases, Australia, 2009-
2012 
Data set Number of 
observations 
1
st
 quartile Median 3
rd
 quartile Interquartile 
range 
healthdirect 
Australia 
208 13.13 17.26 27.14 14.01 
NNDSS 208 0.22 0.57 2.20 1.98 
Flutracking 122 17.1 40 53.6 36.5 
 
Boxplots excluding 2009 data 
Boxplots of each data set were constructed (Figure 4). All three boxplots have a 
positively skewed distribution, confirming the results of the histograms and the 
normality tests. All three data sets have outliers after the removal of the 2009 data. The 
healthdirect Australia ILI and nationally notified influenza data now has less outliers 
after the removal of the 2009 data, suggesting the 2009 data contained an unusual 
event with more extreme values. The Flutracking data now has outliers after the 
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removal of the 2009 data which indicates that the Flutracking data set now has a larger 
range of values which indicates that the 2009 values were within the usually observed 
values for Flutracking data. 
In boxplots A and C, the median values remain left skewed, suggesting that age 
standardised rates continue to be concentrated at lower values (Figure 4). The values 
of boxplots A and C confirm this distribution where the difference between the median 
and the first quartile (3.53) is smaller than the difference between the median and the 
third quartile (7.32) (Table 6).  
Boxplot B continues to demonstrate a median that is right skewed, which implies that 
age standardised rates continue to be concentrated at higher values (Figure 4). The 
values of boxplot B confirm this distribution where the difference between the median 
and the third quartile (8.2) is smaller than the difference between the median and the 
first quartile (16.8) (Table 6). These results are consistent with the histograms for each 
of these data sets (Figure 2). 
Figure 4: Age standardised rates of A. healthdirect Australia influenza-like illness cases 
B. Flutracking fever and cough cases and C. Laboratory confirmed influenza cases 
notified to the national notifiable diseases surveillance system, Australia, by week, 2010-
2012 
 
A.                                                                    B. 
  
C. 
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Table 6: Boxplot values for age standardised rates of healthdirect Australia influenza-like 
illness cases, laboratory confirmed influenza cases notified to the national notifiable 
diseases surveillance system and Flutracking fever and cough cases, Australia, 2009-
2012 
Data set Number of 
observations 
1
st
 
quartile 
Median 3
rd
 quartile Interquartile 
range 
healthdirect 
Australia 
156 13.36 16.89 24.21 10.85 
NNDSS 156 0.32 0.66 2.05 1.73 
Flutracking 90 30 46.8 55 25 
 
Log transformation 
A natural logarithm transformation was applied to each of the data sets used in the 
analysis. The log transformed healthdirect Australia data set was plotted with each of 
the nationally notified influenza cases and Flutracking data sets (Figure 5). All three 
data sets demonstrated similar timing and distribution of influenza activity on an annual 
basis that occurred over the middle six months of each year.  
Figure 5: Natural logarithm (ln) transformed age standardised rates of healthdirect 
Australia influenza-like illness cases and A. Laboratory confirmed influenza cases 
notified to the national notifiable diseases surveillance system B. Flutracking fever and 
cough cases, by week, Australia, 2009-2012 
A.                                                                      B. 
  
A histogram was constructed for each logarithm transformed data set (Figure 6). After 
log transformation, the healthdirect Australia ILI was still positively skewed, however 
the skewness was improved from the original data set. The Flutracking and notified 
influenza data sets demonstrated a negatively skewed distribution after logarithm 
transformation which was opposite to the positive skewness in the original data set. 
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Figure 6: Histograms of natural logarithm (ln) transformed age standardised rates of A. 
healthdirect Australia influenza-like illness cases B. Flutracking fever and cough cases 
and C. Laboratory confirmed influenza cases notified to the national notifiable diseases 
surveillance system, Australia, 2009-2012 
 
 A                                                                        B 
  
 C. 
 
The Shapiro-Wilk W test statistic for each logarithm transformed data set was 
statistically significant, indicating that each data set was not normally distributed (Table 
7). The results of the skewness and kurtosis test for normality indicate that the 
healthdirect Australia ILI continues to have statistically significant skewness and 
kurtosis after the logarithm transformation (Pr (skewness)=0.00,Pr (kurtosis)=0.00) 
which indicates the data set is not normally distributed (p=0.00) (Table 8). The 
skewness and kurtosis test for the Flutracking data indicates that the kurtosis continues 
to approximate the normal distribution (Pr (kurtosis) =0.63), however the skewness is 
statistically significant (Pr (skewness) =0.00) and the data set is not normally 
distributed (p=0.00) (Table 8).  
The skewness and kurtosis test for the notified influenza data indicates that the kurtosis 
approximates the normal distribution (Pr (kurtosis) =0.13) and the skewness in the 
histogram is not significant (Pr (skewness) =0.13). The p-value of the skewness and 
kurtosis test for normality is not-significant (p=0.10), indicating that the data set is 
normally distributed (Table 8). 
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Table 7: Shapiro-Wilk normality test statistics for natural logarithm (ln) transformed age 
standardised rates of healthdirect Australia influenza-like illness cases, Flutracking fever 
and cough cases and laboratory confirmed influenza cases notified to the national 
notifiable diseases surveillance system, Australia, 2009-2012 
Variable Number of 
observations 
W V Z P-value 
Healthdirect Australia 208 0.90 15.53 6.32 0.00 
Flutracking participants with fever and 
cough 
122 0.93 7.19 4.42 0.00 
Nationally notified influenza cases 208 0.98 3.07 2.58 0.00 
 
Table 8: Skewness and kurtosis test for normality statistics for natural logarithm (ln) 
transformed age standardised rates of healthdirect Australia influenza-like illness cases, 
Flutracking fever and cough cases and laboratory confirmed influenza cases notified to 
the national notifiable diseases surveillance system, Australia, 2009-2012 
Variable Number of 
observations 
Pr 
(skewness) 
Pr 
(kurtosis) 
Adj. 
chi 
P-value 
Healthdirect Australia 208 0.00 0.00 42.50 0.00 
Flutracking participants with 
fever and cough 
122 0.00 0.63 11.09 0.00 
Nationally notified influenza 
cases 
208 0.13 0.13 4.65 0.10 
 
Boxplots of each logarithm transformed data set were constructed (Figure 7). The 
healthdirect Australia ILI data set continues to have a positively skewed distribution 
which is consistent with the logarithm transformed histogram (Figure 6). The 
Flutracking and notified influenza data sets now have a negatively skewed distribution 
which is also consistent with the logarithm transformed histograms (Figure 6).  
Figure 7: Boxplots of natural logarithm (ln) transformed age standardised rates of A. 
healthdirect Australia influenza-like illness cases B. Flutracking fever and cough cases 
and C. Laboratory confirmed influenza cases notified to the national notifiable diseases 
surveillance system, by week, Australia, 2010-2012 
 
A.                                                                   B. 
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C. 
 
The healthdirect Australia data set is the only data set with outliers, suggesting this 
data set has a larger range of values than the other two data sets. In boxplot A, the 
median value remains left skewed, suggesting that the logarithm transformed age 
standardised rates continue to be concentrated at lower values (Figure 7). The values 
of boxplot A confirm this distribution where the difference between the median and the 
first quartile (0.28) is smaller than the difference between the median and the third 
quartile (0.45) (Table 9).  
Table 9: Boxplot values of natural logarithm (ln) transformed age-standardised rates of 
healthdirect Australia influenza-like illness cases, laboratory confirmed influenza cases 
notified to the national notifiable diseases surveillance system and Flutracking fever and 
cough cases, Australia, 2009-2012 
Data set Number of 
observations 
1
st
 
quartile 
Median 3
rd
 quartile Interquartile 
range 
healthdirect Australia 208 2.57 2.85 3.30 0.73 
Notified influenza 
cases 
208 -1.51 -0.57 0.79 2.30 
Flutracking 
participants with 
fever and cough 
122 2.84 3.69 3.98 1.14 
 
Boxplot B continues to demonstrate a median that is right skewed, which implies that 
the logarithm transformed age standardised rates continue to be concentrated at higher 
values (Figure 7). The values of boxplot B confirm this distribution where the difference 
between the median and the third quartile (0.29) is smaller than the difference between 
the median and the first quartile (0.85) (Table 9).  
Boxplot C now continues to demonstrate a median that is left skewed, which implies 
that the logarithm transformed age standardised rates continue to be concentrated at 
lower values (Figure 7). The values of boxplot C confirm this distribution where the 
difference between the median and the third quartile (1.36) is larger than the difference 
between the median and the first quartile (0.94) (Table 9). These results are consistent 
with the histograms for each of these data sets. 
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Scatterplots with Spearman rank correlation co-efficient 
Scatterplots were constructed of the logarithm transformed healthdirect Australia ILI 
data set against each of the logarithm transformed Flutracking and notified influenza 
data sets (Figure 8). A Spearman rank correlation co-efficient was calculated to 
measure the association between the healthdirect Australia ILI data set and each of the 
notified influenza and Flutracking data sets.  
Figure 8: Scatterplot correlation between natural logarithm (ln) transformed age 
standardised rates of healthdirect Australia influenza-like illness cases and A. Laboratory 
confirmed influenza cases notified to the national notifiable diseases surveillance system 
B. Flutracking fever and cough cases, by week, Australia, 2009-2012 
 A.                                                                        B. 
   
The Spearman rank statistic was statistically significant for the associations between 
the healthdirect Australia ILI data set and each of the notified influenza and Flutracking 
data sets (rho=0.77,p=0.00 and rho=0.58,p=0.00 respectively) (Table 10). This 
indicates that the healthdirect Australia ILI data set is correlated to each of the notified 
influenza and Flutracking data sets.  
Table 10: Spearman rank correlation co-efficient statistics for the correlation of the 
natural logarithm (ln) transformed age-standardised healthdirect Australia influenza-like 
illness data and each of the natural logarithm (ln) transformed age standardised 
laboratory confirmed notified influenza and Flutracking data sets, Australia, 2009-2012 
Data sets correlated Number of 
observations 
Spearmans 
rho 
P-value 
Healthdirect Australia and notified 
influenza 
208 0.77 0.00 
Healthdirect Australia and 
Flutracking 
122 0.58 0.00 
 
Time series analysis 
Model selection 
The models selected for each data set, along with their corresponding root mean 
square error (RMSE) and Portmanteau Q statistic, are summarised in Table 11. Each 
model demonstrated similar features to the transformed, observed data in terms of 
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seasonal peaks, inter-seasonal lows and the rise and fall of each season (Figures 8-
10). The parameters for level, trend and seasonality varied across the models (Table 
11). The RMSE varied from 0.17 to 0.76 (Table 11). Statistically significant 
Portmanteau Q statistics were obtained for the residual error terms of the national 
healthdirect Australia and NNDSS data sets, indicating that some autocorrelation was 
still present in these models after the application of the exponential smoothing model 
(Table 11). 
Table 11: Holt-Winters model parameters and residual error term autocorrelation 
estimates 
Series Parameters 
(level, trend, 
seasonality) 
Root mean 
square 
error 
Portmanteau Q 
statistic 
P-value 
healthdirect Australia 
(national) 
0.4, 0.3, 0.4 0.24 120.21 0.00 
Flutracking (national) 0.6, 0.15, 0.1 0.17 36.22 0.64 
Notified influenza cases 
(Australia) 
0.5, 0.1, 0.1 0.51 82.87 0.00 
healthdirect Australia (NSW) 0.6, 0.5, 0.1 0.29 49.95 0.13 
Flutracking (NSW) 0.7, 0.02, 0.02 0.56 46.37 0.23 
Notified influenza cases 
(NSW) 
0.7, 0, 0.01 0.33 218.48 0.00 
healthdirect Australia (HNE) 0.6, 0.0005, 0.2 0.76 35.01 0.69 
Notified influenza cases 
(HNE) 
0.5, 0, 0.01 0.39 114.64 0.00 
healthdirect Australia 
excluding colds (paediatric) 
0.6, 0.4, 0.4 0.31 37.27 0.59 
healthdirect Australia 
excluding upper respiratory 
tract infections (paediatric) 
0.6, 0.4, 0.4 0.31 35.5 0.67 
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Figure 8: Observed, natural logarithm (ln) transformed age-standardised rates of A. of 
healthdirect Australia influenza-like illness cases B. Laboratory confirmed influenza 
cases notified to the national notifiable diseases surveillance system and C. Flutracking 
fever and cough cases compared to Holt-Winters predicted rates, by week, Australia, 
2009-2012 
A.                                                                 B. 
   
c. 
 
Figure 9: Observed, square root (sqrt) transformed age-standardised rates of A. 
healthdirect Australia influenza-like illness cases B. Laboratory confirmed influenza 
cases notified to the NSW notifiable conditions information management system and C. 
Flutracking fever and cough cases compared to Holt-Winters predicted rates, New South 
Wales, by week, 2009-2012  
A.                                                                   B. 
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C. 
 
Figure 10: Observed, square root (sqrt) transformed age-standardised rates of A. 
healthdirect Australia influenza-like illness cases and B. Laboratory confirmed influenza 
cases notified to the NSW notifiable conditions information management system, 
compared to Holt-Winters predicted rates, by week Hunter New England, 2009-2012 
A.                                                                    B. 
    
Figures 11-13 illustrate the residual values after the removal of season and trend using 
the Holt-Winters model. The autocorrelation of the national healthdirect Australia 
influenza-like illness and laboratory notified influenza data sets can be seen in Figure 
11A and 11B. There appears to be a residual sin wave in both data sets. There are 
also apparent residual trends in the laboratory notified data at NSW level (Figure 12B) 
and Hunter New England level (Figure 13B). 
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Figure 11: Residual error values of the Holt-Winters model for natural logarithm (ln) 
transformed age-standardised rates of A. healthdirect Australia influenza-like illness 
cases B. Laboratory confirmed influenza cases notified to the national notifiable 
diseases surveillance system and C. Flutracking participant fever and cough cases, 
Australia, by week, 2009-2012 
A.                                                                   B. 
   
C. 
 
Figure 12: Residual error values of the Holt-Winters model for square root (sqrt) 
transformed age-standardised rates of A. healthdirect Australia influenza-like illness 
cases B. Laboratory confirmed influenza cases notified to the NSW notifiable conditions 
information management system and C. Flutracking fever and cough cases, New South 
Wales, by week, 2009-2012 
A.                                                                    B. 
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C. 
 
Figure 13: Residual error values of the Holt-Winters model for square root transformed 
age-standardised rates of A. healthdirect Australia influenza-like illness cases and B. 
Laboratory confirmed influenza cases notified to the NSW notifiable conditions 
information management system, Hunter New England, by week, 2009-2012 
A.                                                                B. 
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Prologue 
My Role 
During the Master of Philosophy Applied Epidemiology (MAE) program there were two 
teaching sessions that needed to be completed. One of these was the lesson from the 
field and the other was a face to face teaching session for the MAE2014 cohort. The 
lesson from the field required me to deliver a teaching session on a topic that I had 
encountered during my time in the MAE program which would be beneficial to share 
with the other MAE students. 
Lesson from the field  
For the lesson from the field, I chose control selection in case-control studies as this 
was an issue that I had to address when conducting a case-control study for a 
Salmonella outbreak (Chapter 2). I was the lead investigator of this study and I thought 
the learnings about control selection would be useful to my fellow MAE students. I 
designed a short exercise on the topic of control selection in case-control studies which 
addressed the principles of control selection, types of control groups (including their 
advantages and disadvantages), control recruitment methods, matching/confounding in 
case-control studies and biases associated with different control groups (Appendix 1). 
As part of the exercise I also sourced and provided relevant literature to the cohort so 
that they were able to complete the exercise. The exercise was sent to all eight 
MAE2013 scholars. 
The scholars were given 10 days to complete the exercise and return their responses 
to me. I then collated the responses and chose the best responses to each question to 
stimulate discussion about each question. I then hosted a teleconference where each 
question of the exercise was discussed in detail over a one hour period. Attendees at 
the teleconference included my field supervisor Peter Massey, seven of the MAE2013 
cohort and two of the MAE2014 cohort. My field supervisor then provided feedback 
about the session which is discussed in the lessons learned section below. 
Teaching session 
In addition to the lesson from the field I was also required to deliver a face to face 
teaching session to the MAE2014 cohort. There were two parts to this requirement. 
One part was providing a tutorial session on an outbreak investigation for the MAE2014 
cohort and the other part was a teaching session on a relevant topic. For the tutorial 
session our cohort was divided into groups of two tutors. Each group then had to tutor 
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a small group of MAE2014 scholars through an outbreak investigation that unfolded 
over a whole day.  
Across the day the MAE2014 scholars were given a series of lectures on outbreak 
investigation. They were also given a handout that contained an outbreak scenario with 
a series of questions that led them through the outbreak investigation process for the 
scenario given to them. The lectures were aligned with the questions and at the 
conclusion of each lecture the group had to consider and answer these questions. My 
role was to use my experience in outbreak investigation to facilitate the group response 
to these questions and share my knowledge and learnings.  
For the teaching session our cohort was divided into groups of two or three to prepare 
and deliver this session. I was paired with Kerryn Lodo who was placed with the 
Department of Health and Human Services in Tasmania. The topic that was allocated 
to Kerryn and I was public health risk assessment as both Kerryn and I had been 
involved in large outbreak investigations.  
The first part of the teaching session involved developing a teaching plan (Appendix 2). 
The second part of the teaching session involved the design and delivery of the 
session. Kerryn and I prepared a power point presentation for the delivery of the 
teaching session and we presented one half of the session each (Appendix 3). I 
presented the theoretical component of the session and Kerryn presented the outbreak 
component, relating it to the theoretical component.  
In addition to the power point presentation the MAE2014 cohort was also given a risk 
assessment scenario to complete (Appendix 4). The cohort was divided into two 
groups and given 15 minutes to complete the scenario. After the scenario had been 
completed, Kerryn and I hosted a 10 minute discussion for the whole cohort where the 
responses to the scenario were discussed. 
Lessons Learned 
 
The teaching experience was different to other presentations that I’ve delivered in the 
past where it’s been a one way communication between me and the audience. The 
tutorial sessions were two way conversations between teacher and student where I 
was the teacher and the students were the MAE2014 cohort. This was a new 
experience for me.  
During the tutorial session I learned how to manage a group conversation and group 
dynamics. I made sure that everyone was able to have some input into the 
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conversation and I steered the group back to the topic under discussion when the 
conversation got off track. I also learned how to use eye contact, body language and 
humour to engage the group and keep them engaged. During the session I learned 
how to use my knowledge of outbreak investigation to lead the tutorial group to the 
right answer when they were having trouble finding the answer. I also learned how to 
use a whiteboard effectively to make a point or capture important conversational points 
that the group could write down for their own learning. 
The teaching session had much learning as there were many different elements to 
consider and pull together. In relation to the content I learned how to choose which 
resources were best to use for the content of the session and what the most important 
learnings for the topic were. I have never delivered a teaching session before so I 
learned how to structure a teaching session through the use of a teaching plan. I also 
learned about different methods for delivering a teaching session and this helped me to 
determine how the content of the session would be presented. 
The lesson from the field was a good opportunity to revise my knowledge about case-
control studies and add to this knowledge. It was also another good opportunity to plan 
and design another teaching session. Feedback was provided from my peers and field 
supervisor in relation to the content of the lesson and the accompanying learning 
materials. My peers and supervisor indicated that the level of the information provided 
and exercises were appropriate.  
Planning the delivery of the lesson was also a good learning process. Prior to the 
commencement of the lessons from the field sessions the cohort had to negotiate an 
agreement about how much time the lesson from the field should take to complete and 
what period of time should be given to complete the lesson. This negotiation helped me 
to develop my negotiation, communication and team work skill. Keeping to the agreed 
time frames assisted me in producing a lesson that was short and to the point.  
The learning objectives were based on the key points of control selection in a case-
control study (Appendix 1). This was achieved by reviewing the available literature and 
selecting the topics that were a recurring theme. Each task was based on an aspect of 
the learning objectives and the questions in each task were designed to address the 
learning objectives. Responses were received from 4/7 (57%) MAE2013 scholars. 
Each of the scholars was able to respond in writing to the set questions in each task 
which addressed the first four learning objectives (Appendix 1). Discussions that were 
generated from the questions in the learning tasks addressed the remaining two 
learning objectives. 
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When I reviewed the responses that I had received from my cohort, I was able to 
identify those responses that would spark the most engagement and discussion and 
use them to drive discussion during the delivery of the lesson. Feedback was provided 
by my field supervisor in relation to the delivery of the lesson. My supervisor indicated 
that there was excellent engagement with the group, good discussion amongst the 
group and the discussions covered the topics that were being discussed.  
There were also some other important learnings from the lesson. Whilst reviewing the 
responses to the exercises in the lesson this raised issues for me to consider in the 
study that I conducted.  
One example of this was selection bias in relation to sub-populations that may have 
been missed as a result of using a booking list. The median age of cases and controls 
was approximately 35 years. It is possible that younger groups may have been missed 
as they are probably less likely to make a booking. It is also possible that older groups 
may have been missed as the restaurant is attached to a bowling club and older people 
may have attended the club for club activities then dined at the restaurant as a matter 
of convenience. Factors such as age may influence food choices and these choices 
may have affected the outcome of the study if the choices between groups were 
significantly different. 
Another important learning was feedback gained from students on additional 
information about control selection that I did not present. Control banks were not 
discussed and can be a very useful and convenient source of controls. Using a recently 
published quality case-control study to illustrate some of the points in the lesson may 
have also been useful. 
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Appendix 1- Lesson From the Field 
 
Control Selection in Case-Control Studies 
This LFF will be conducted by teleconference on Wednesday 2 July 2014. Dial in details as 
follows: 
Dial in number: (02) 49245900 
Conference ID: 8861 then #  
If calling from a videoconference unit, please dial 208861 
Please save your response to the questions in a Word file and send to back to: 
ToveLysa.Fitzgerald@hnehealth.nsw.gov.au by COB Monday June 30 2014.  
 
 
By the end of this LFF participants should be able to: 
 Define what a control is 
 Identify types of controls 
 Identify methods for the recruitment of controls 
 Identify appropriate populations to select controls from 
 Understand the concept of matching 
 Understand the impact of control selection on study outcomes 
 
 
 
 
 
Learning Objectives 
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Real life case-control studies are never as neat and tidy as they are in the text books. Control 
selection is one of the most important and challenging aspects of these types of studies. The 
aim of selecting appropriate controls in a case-control study is to ensure that the observed 
measure of association is the actual estimation of the effect of exposure on disease risk and 
not due to bias, confounding or chance. The point of a case-control study is to compare two 
very similar groups of people with and without disease in an attempt to demonstrate the 
effect of exposures of interest on these groups. 
To ensure this outcome, the issues of bias, confounding and chance need to be addressed 
during the process of control selection. This can be achieved by adhering to three principles1. 
These principles are the study base principle, the deconfounding principle and the comparable 
accuracy principle1. Whilst the names of these principles may seem unfamiliar, the concepts 
are not.  
The study base principle refers to the concept that cases and controls should come from the 
study base and therefore, all comparisons should be made within this base. The 
deconfounding principle refers to the concept that confounders should be addressed where 
possible and not be allowed to distort the estimation of the effect of exposure on disease risk. 
The principle of comparable accuracy refers to the concept of differential measurement bias, 
where the measurement of cases and controls may differ and affect the estimation of effect.  
There are many different types of controls, all with their own advantages and disadvantages2. 
Examples of control types include population controls, hospital controls, friend controls, 
relative controls and disease registry controls just to name a few. The challenge is using the 
principles described above to consider which type of control will be appropriate for the 
proposed case-control study. 
In addition to the issue of control type, matching is another important aspect of case-control 
studies that can be used as a tool to assist the researcher in adhering to the principles of 
control selection3. Matching in case-control studies can be used to reduce confounding where 
the confounders can’t be measured, estimate an effect in population sub-groups, compare 
time critical variables or simply as a convenient method to recruit controls3. Matching can be 
performed at the design or analysis stage, depending on the context of the study. Matching 
does have limitations however, and these limitations need to be considered in the context of 
the proposed study. 
In practice there will always be extraneous influences that can’t be controlled which will 
impact on the study outcome. The selection of appropriate controls in a case-control study will 
assist in limiting the impact of these influences. 
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You are the OzFoodNet epidemiologist for your jurisdiction. During your routine review of 
Salmonella surveillance for your jurisdiction you detect a cluster of twelve cases over a two 
week period of a particular Salmonella strain, Salmonella Typhimurium with a multi-locus 
variable repeat tandem analysis pattern (MLVA) of 3-17-9-12-523.  
This particular strain of Salmonella has been causing problems for you in your jurisdiction over 
the last twelve months with numerous outbreaks attributed to this particular strain. Initial 
investigations into the source of this strain revealed that this strain had been detected in fresh 
chicken processed by a large commercial chicken producer. At this time the producer took 
action to remediate the situation and they tell you that they have not detected this strain in 
their produce since this time. 
Subsequent investigations into outbreaks of this strain in your jurisdiction have failed to detect 
a source. You know that it’s unusual to see such a large cluster of Salmonella cases with the 
same MLVA pattern over such a short period of time and you see this as a golden opportunity 
to solve the Salmonella mystery so you decide to investigate.  
Whilst interviewing the cases you discover that nine of them have all eaten at the same 
restaurant but at different times on different days. You’re thrilled with this discovery; 
however, to your horror you also discover that the menu has over 150 items available to 
restaurant patrons. You’re determined to make the most of this opportunity however, so you 
decide to conduct an analytical study.  
You consider what type of study you’re going to do. Before you can make this decision though 
you need some further information about the restaurant in question, and in particular, who 
had been to the restaurant. During a joint site inspection with the jurisdictional food regulators 
you discover that there are very few contact details for the people who had actually been to 
this restaurant which means that the study population is not well defined and there is little 
chance of getting a large enough cohort to conduct a meaningful cohort study. In light of these 
facts you decide that the best approach is to conduct a case-control study. 
The aim of the investigation was to determine if an association between illness and eating at 
the bowling club bistro existed. 
The objectives of the investigation were: 
 Identify the most likely source of illness in cases 
 Conduct a trace back investigation of implicated food items 
 Determine what factors associated with food preparation may have led to 
contamination of implicated food items 
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Required resources:  
Dicker R. Designing Studies in the Field. In Gregg, Michael B., ed. Field epidemiology. Vol. 1. 
Oxford University Press, 2008. Available at: 
http://www.ciphi.ca/hamilton/Content/documents/fieldepi.pdf 
 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; I. Principles. Am J Epidemiol. 1992;135(9):1019-1028. 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; II. Types of Controls. Am J Epidemiol. 1992;135(9):1029-1041. 
Dicker R. Analysing and Interpreting Data. In Gregg, Michael B., ed. Field epidemiology. Vol. 1. 
Oxford University Press, 2008. 
 
 
In order to write a protocol for your case-control study, you need to do some research on case-
control studies, particularly around the selection of controls. You decide you need to answer 
the following questions: 
1. Why do case-control studies? (dot point list is fine, look at Dicker R. Designing Studies 
in the Field) 
Student 1: -Determine whether a particular exposure is associated with the disease of interest 
                    -When a cohort study would be impractical 
                    -When the case population is not well-defined 
                    -When the disease is rare 
Student 2: -Investigation for undefined study populations 
                   -Allows for matching on defined criteria to adjust for known confounders 
                   -Is retrospective 
                  -Time and cost effective 
                  -Made for smaller sample sizes 
                  -Can examine multiple exposures 
                  -No loss to follow-up 
Me: In addition to the reasons stated by the students above, case-control studies start with 
the disease status and work backwards to exposure. The point of a case-control study is to 
Task One: Control definitions, sources and 
recruitment methods 
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compare two very similar groups of people with and without disease in an attempt to 
demonstrate the effect of exposures of interest on these groups. 
2. What is a control in a case-control study? 
Student 1: A person without the disease in question and chosen independent of the exposure 
Student 2: A control is a person who is representative of the population from which the cases 
came from 
Student 3: A control is a person ‘without the disease’ and is used to make comparisons to 
those with disease (‘case’). The control should have characteristics similar to cases so that the 
only differentiating factor is the exposure of interest meaning that for all intents and purposes 
they would have been a case if they were ill 
Me: A control is a person without the disease of interest and representative of cases so that 
they could have been a case themselves if they had the disease of interest 
3. What are the principles of control selection in case-control studies? 
Student 1: Study base, confounding and comparable accuracy 
Student 2: There are four principles of control selection-1. Study base; cases and controls are 
representative of the same base population; 2. Deconfounding; adjusting for potential 
confounders in the study design that cannot be addressed in the analysis; 3. Comparable 
accuracy; degree of accuracy in measuring the exposure of interest for case and controls 
equally; 4. Efficiency- the study is implemented to learn as much as possible for fixed 
expenditure of time and resources 
Student 4: At a basic level: Controls must have been ‘at risk’ of experiencing the outcome of 
interest and, therefore, have potentially encountered the exposures of interest and they must 
not be undiscovered cases. 
The first point above is related to the comparability principle of ‘study base’ that has been 
identified in the literature provided- That controls must have the same base experience and 
risk as the cases you are examining. 
The other two comparability principles found in the literature are; 
 The ‘deconfounding’ principle (that differences between cases and controls that may 
bias associations observed between the outcome and exposures must be measured, 
where possible, or variability minimised where it is not possible) 
 The ‘comparative accuracy’ principle (that measurement error must be equal between 
cases and controls so as not to bias the observed associations- i.e. Recall bias) and; 
 The efficiency principle (that control selection should be carried out so that the stated 
questions can be answered with as little resourcing as possible- Although not directly 
covered in the text this principle may imply that as few controls as possible should be 
utilised, which would mean that, where possible, statistical efficiency should be 
maximised and will need to be examined when matching is proposed 
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Me: 1. Study base- cases/controls come from the same population and comparisons are 
made within that population. 
2. Deconfounding- Confounding should be minimised where possible 
3. Comparable accuracy- Measurement of cases/controls shouldn’t differ 
4. Efficiency- The study should be time and cost efficient 
4. What are the different types of controls? What type/s might be appropriate for the 
scenario? 
Student 1: 
 Population Controls 
 Hospital or registry controls 
 Medical clinic records 
 Friend controls 
 Relative controls 
 Case series controls 
Student 2: The different types of controls are population, hospital or disease registry, 
relative, friends, medical practice or case series. For this scenario the types that would be 
most appropriate would be population, friends and family. 
Student 3: There are multiple types of controls such as population controls, cohort 
controls, neighbourhood controls, friend/relative controls, hospital controls etc. In this 
circumstance we have a study base/cohort (those who attend a particular restaurant) 
however we cannot identify the entire cohort (don’t have a booking list of names). 
Therefore we would use friend/relative controls (those who ate at the restaurant with 
cases at the same time). 
Student 4: The following are types of controls;  
 Population controls – Random sampling controls from the study base. This is 
unlikely to be useful for the scenario given. If you (incorrectly) define the 
‘study base’ as the general population in the area, then they are unlikely to 
have the same background risk of exposure as cases and are therefore not the 
true ‘study base’ as defined above. If you (more correctly)  define study base 
as all those who ate at the restaurant during the period of interest, then you 
are unlikely to be able to truly select randomly from this population, as you do 
not have an accurate representation of the study base i.e. Through a booking 
list. This introduces the probability of selection bias.  
 Hospital or registry controls 
 Medical practice controls 
 Friend controls 
 Relative controls 
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 Case series/self controls 
It is imperative that those who are included as controls come from the same ‘study base’, 
especially in that they had the opportunity to experience the same exposures (i.e. Eat at 
the restaurant). Therefore, I think the only option is to use friend or relative controls that 
also ate at the restaurant.  
Me: The types of controls are well covered in the responses above. In this scenario, friend 
and relative controls were chosen. The controls had to come from the same population as 
the cases i.e. Those who had eaten at the restaurant. The details for the whole cohort 
were unavailable so the only choice was to use the contact details that were available to 
recruit controls and unwittingly, further cases.  
5. What methods can you use to recruit controls? What method/s would you use to 
recruit controls in this scenario? 
Student 1: Non probability: 
 Convenience samples 
 Snowball 
 Purposive 
      Probability: 
 Simple random 
 Systematic 
 Stratified 
 Cluster 
 Multi-stage sampling 
Student 2: To recruit controls you could: 
 Use a random telephone dialling system; 
 Randomly select people from a disease registry list or control database; 
 Select groups or individuals off restaurant or event contact lists; 
 Identify individuals in hospitals or medical practices; or 
 Use the family and friends of cases. 
For this study I would use the restaurant booking list or friends and relatives of the cases. 
Student 3: Method to recruit controls could be off a roster/list, random dialling, from hospital 
records, etc. 
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In this circumstance you would ask cases who ate with them at the restaurant, then interview 
those people. These people would be classed as cases or controls based on your case 
definition. This method may allow you to identify additional cases who were not previously 
identified (did not seek medical attention, no stool samples given, no pathogens detected, 
etc.). 
Student 4: Probability sampling - Booking lists, random number dialling, registries or electoral 
roll, patient lists etc. 
Convenience sampling - door knocking, asking cases for contact details for friends/relatives 
etc.  
In this case, I would likely use details from cases and the booking lists to ask cases for the 
contact details of those that dined with them, which is a convenience sampling method.  
Me: The two main sampling techniques are outlined in the above responses. In this scenario, 
convenience sampling and snowballing were used. Methods to perform sampling techniques 
include contacting numbers on booking lists, random digit dialling, contacting numbers on a 
roster or list, doorknocking and mail outs. In this scenario, snowballing and convenience 
sampling was performed using the numbers from the booking list. 
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Required resources:  
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; II. Types of Controls. Am J Epidemiol. 1992;135(9):1029-1041. 
Now that you know what a control is, the different types of controls and the methods that you 
use to recruit controls, you need to think about the population that you will select your 
controls from. You decide that you need to do some reading and answer the following 
questions: 
1. Who will be included in the study population in this scenario? Why? (hint: see the 
lecture on sampling) 
Student 2: The study population would include people who attended the restaurant where 
the food was served to the cases. Given this exposure to illness was most likely to have 
occurred in this setting, we would need to ensure our controls also attended the 
restaurant and had the potential to also become ill.  
Student 3: The reference population are those that live within your ‘jurisdiction’, for 
arguments sake let’s say it is those that live within the HNE area. As you have been seeing 
an increase in a particular Salmonella strain in the ‘HNE’ area, it makes sense that those in 
this area are the reference. 
As for the study population, it will be people who attended this particular restaurant and 
ate the food. This will need to be restricted by time to make things easier. As you have 
detected an increase of 12 cases over a two week period, and the incubation period for 
salmonella is around 1-3 days you may want to have the time period for inclusion 3 days 
before first of the 12 recent cases. 
Me: The study population is the population that the final sample will be selected from and 
the findings will make an inference about. The final sample has to be representative of the 
population at risk. In this scenario the population at risk is all the people who attended the 
restaurant over a seven day period, so they will be the study population. 
2. Who might be in the final sample and how will you recruit them? (hint: think about 
using the contact details you already have from the restaurant) 
Student 2: The final sample would include cases and control that attend the restaurant 
during the period in which cases attended. A case would be someone who developed the 
Salmonella MVLA strain after attending the restaurant during the 2 week period and a 
control would be someone who did not become ill after attend the same restaurant in the 
two week period. 
I would find controls by using the bookings listed I would cold call people on the list and 
ask 1) had they become ill after attending the restaurant and 2) if they had not become ill 
would they be willing to participate as a control in the study. I would also ask the cases for 
contact details of friends and family members who they know had attended (with or 
without them) the restaurant during the 2 week period. 
Task Two: Control Populations 
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Student 4: Cases and the controls that are selected from the study population and agree to 
participate. 
Me: The final sample would include cases and controls who had attended the restaurant 
during the specified period and agree to participate. Consent to participate is an important 
aspect. 
3. What are the potential biases that might occur in the final sample? 
Student 1: Selection bias- eg. Non response bias 
Student 2: Selection bias - As we are unable to get a complete list of potential patrons, we 
would have missed some sub-populations. This will affect the representativeness of the 
study and lead to confounding. For example we may only recruit mostly males aged 20-29 
years which only forms part of the potential population at risk. 
Information bias – Recall of what people ate at the restaurant. As there is a 2 week period 
in which cases attend the restaurant. Some controls may find it difficult to recall what they 
ate. In addition there are 150 items on the menu. Going through this enormous list may 
confuse or make it hard for some respondents to provide an answer. 
Student 3: You may get an ‘over-matching’ effect as those attending together are more 
likely to be from the same socio-economic groups.  
You may get recall bias, as those sick may have better recall than those not sick. Need a 
standardised questionnaire that has all menu items on it to reduce this. This may be 
difficult if ‘specials’ change frequently. 
There may be some selection bias. As you don’t know the entire ‘cohort’ of those who 
attended the particular restaurant during the study period, you may miss both cases and 
controls. You would assume you would get most cases (i.e. people were sick) but you may 
miss controls. 
Me: Selection bias is a potential source of bias in this study. Only the numbers of those 
who had booked were available which means there could have been a systematic 
difference between those who did and didn’t book. The median age of cases and controls 
was approximately 35 years of age. This means that younger or older age groups could 
have been less likely to book and may be under-represented in the final sample. This is 
important as the food choices of each of these groups may differ systematically which 
would affect the outcome of the analysis. 
Recall bias is an important source of bias, especially in foodborne outbreaks. There was at 
least a four week lag between the outbreak occurring and the study. This combined with a 
huge menu could have led to some recall bias in the study. The other important aspect of 
recall bias is that friends and family members were cases and controls so they are more 
likely to talk to each other and discuss what they thought it was that caused the outbreak 
and nominate those foods, introducing bias into the study. 
 
4. What is the maximum number of controls you will select for each case? 
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Student 4: My understanding is it’s rarely worthwhile considering more than four controls 
per case (where there are multiple exposures, 3 when there is only one binary exposure of 
interest) due to diminishing return in statistical power.  
Me: The recognised ratio of controls to cases is four 
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Required Resources: 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; III. Design Options. Am J Epidemiol. 1992;135(9):1042-1050 
Dicker R. Analysing and Interpreting Data. In Gregg, Michael B., ed. Field epidemiology. Vol. 1. 
Oxford University Press, 2008. 
 
Dicker R. Designing Studies in the Field. In Gregg, Michael B., ed. Field epidemiology. Vol. 1. 
Oxford University Press, 2008. Available at: 
http://www.ciphi.ca/hamilton/Content/documents/fieldepi.pdf 
 
You have now made a decision about how you will recruit your controls and the population 
that you will recruit them from. Before you go ahead and start recruiting your controls, the 
next issue you need to consider is matching. As you are unfamiliar with this concept you 
decide to do some reading and consider the following questions: 
1. What is matching? 
Student 1: Controls are either matched on an individual basis to cases or frequency matched 
on factor/variable/attribute (such as sex, age, ethnicity etc) that has the potential for being a 
confounder 
Student 2: Matching is the intentional selection of controls similar to the case-subjects on one 
or more specified criteria. For example matching could be conducted on age, sex, geographical 
location or household size. 
Me: The point of matching is to ensure that comparisons are being made between two very 
similar groups. Matching is useful where confounders are known and difficult to measure or 
control for. 
2. What are the advantages of matching? 
Student 1:  
 Simple 
 Saves time and resources 
 Can control for confounding by social factors that would otherwise be difficult to 
control for in analysis 
 If matching factor would have been a strong confounder, matching improves the 
precision or power of the analysis 
Student 4: The main advantage of matching is that it allows you to control for confounders 
that are hard to identify, measure or adjust for in analysis (because the strata become too 
Task Three: To match or not to match 
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small). This can allow you to use a smaller sample size as you are essentially stratifying by 
relevant confounders a priori.  
3. What are the disadvantages of matching? 
Student 1: 
 If you match a factor you c can’t evaluate its effect on the disease of interest 
 If too many or too rigid selection criteria are used then controls are hard to recruit, 
and then you would have to exclude cases without matched controls 
Student 2: The disadvantages of matching include: 
 Matching on a distinct criterion prevents examining the association of this 
criterion with the disease 
 Can’t always find an appropriate match. 
 It may be cost and time inefficient. 
4. What is overmatching? 
Student 1: When the matched controls are too similar to the cases in terms of exposure. It 
means one can’t find an association between the exposure and disease because there a little 
differences between exposure between cases and controls 
Student 2: Overmatching is enrolling controls that are too similar to the cases and may share 
personal habits and other exposures. If this occurs t makes it harder to identify disease-
exposure associations. 
Student 3: Over matching is when you match cases and controls too closely or on too many 
variables. It can obscure true associations between dependent and independent variables. It 
can also make suitable control selection difficult. 
Student 4: Where, by matching, you reducing variability on a factor of interest. When you 
analyse on this factor, the association will be biased towards the null because it harder to 
ascertain differences in levels of this exposures between cases and controls.  
Me: Overmatching is where cases and controls share characteristics that impact on the 
variable of interest. In this scenario it is possible that overmatching occurred as the family and 
friend controls are likely to have been socialised in a way that leads them to make particular 
food choices, thereby reducing the ability to detect differences between the two groups. 
5. Would you use matching in this scenario? Why/why not? 
Student 1: Yes. Logistically, it might be very difficult to recruit controls randomly from the 
study population. Friends/family may more readily respond and individual matching in this way 
may increase the number of respondents. In an ideal world, you would systematically sample, 
but in the real world the public and your bosses want quick answers. This is a more efficient 
process. 
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Student 2: I don’t think using matching in this situation would be helpful. In this scenario it 
would be very difficult to match cases to controls due to the lack of patron contact details 
form the restaurant. Without the majority of patron contact details we are not going to be 
able to match cases effectively. If we did use the contact list available we could be limiting our 
control and case ratio, which in turn may impact the internal validity of the study. 
Student 3: I would not match. You are already using a form of matching by asking cases who 
ate with them (friend/family control selection) as those eating with them would already be of 
similar socio-economic statuses. You will also have matched somewhat on geography by 
making the study population those who attended the particular restaurant as they are more 
likely to come from your reference population. 
Student 4: I don’t think so. The only factor I would consider matching on, with the information 
given, would be matching individual cases to the controls they dined with. Doing this would 
control for calendar time more efficiently, since it is a multiple day outbreak. However, I don’t 
think this is worthwhile, as we may end up removing cases who dined alone, or for whom no 
controls can be interviewed or overmatching on certain foods. I think it would be more 
efficient to just stratify by day, or meal, to see if there are any differences in associations by 
these factors (i.e., if the true source was eggs, we might find that amongst those that ate 
breakfast Sunday an association between hollandaise sauce and illness can be seen, but at 
dinner Saturday, those same eggs were used to make chocolate mousse, hence displaying an 
association when stratified).   
Me: In this scenario an unmatched study design was chosen. This was for very practical 
reasons as we only had limited contact details so we were unsure of how many people we 
would actually get to talk to and be able to recruit to the study. The suggestion for matching 
based on table is a good one and could have been done in the analysis phase, however, 
numbers would have been a problem as there either wouldn’t have been enough controls for 
each table and there were some tables who reported no illness at all.  
During the interviewing stage we were looking for a large group to conduct a cohort study on 
but unfortunately we did not find a group large enough to do this. 
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Required Resources: 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; I. Principles. Am J Epidemiol. 1992;135(9):1019-1028. 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; II. Types of Controls. Am  J Epidemiol. 1992;135(9):1029-1041. 
Sholom W, McLaughlin JK, Silverman DT, Mandel J. Selection of Controls in Case-Control 
Studies; III. Design Options. Am J Epidemiol. 1992;135(9):1042-1050 
Dicker R. Analysing and Interpreting Data. In Gregg, Michael B., ed. Field epidemiology. Vol. 1. 
Oxford University Press, 2008. 
 
You decide to go with an unmatched case-control study as you anticipate there will be a 
limited opportunity to recruit controls and you may not get enough controls to match the 
cases from the few contact details that you have. You decide to use friend and family controls 
and use the contact numbers you have to recruit them using the snowballing method. You also 
realise by using this method that you may discover additional cases. You conduct your 
interviews and you manage to recruit 17 cases and 51 controls. You’re bursting with 
anticipation at the results you might get and you load your data into STATA ready to solve the 
Salmonella mystery that’s been plaguing your jurisdiction for months.  Much to your 
disappointment, you get the following results: 
Food Item Cases Proportion 
(%) 
Controls Proportion 
(%) 
OR CI P 
Any rice 14/16 87.5 43/54 79 1.79 0.3-18.4 0.47 
Plain fried rice 10/16 62.5 23/54 42.5 2.24 0.6-8.6 0.16 
Any Chicken 
meal 
9/16 56 35/54 65 0.69 0.2-2.6 0.53 
Any beef meal 9/16 56 21/54 38 2.02 0.6-7.4 0.21 
Any prawn 
meal 
6/16 37.5 17/54 31 1.3 0.3-4.7 0.65 
Any spring 
rolls 
8/16 50 15/54 27 2.6 0.7-9.5 0.09 
 
You need to consider the issues that might have led to the results above. Answering the 
following questions will help you to do this: 
1. What are the advantages of using friend and family controls? 
Student 2: Advantages of using Friend and family controls include: 
Friends: 
Task Four: Control selection and outcomes 
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 Convenient to find- little effort required 
 Inexpensive resources 
 Likely to have commonalities to cases in behaviours 
 Bias due to socioeconomic background is reduced 
 A non-random sample from the base  
Family: 
 good for when genetic factors confound the effect of exposure; 
 meets the reciprocity requirement; 
 Convenient to find- little effort required 
 Inexpensive resources 
2. What are the disadvantages of using friend and family controls? 
Student 2: Disadvantages of using Friend and family controls include: 
Friends: 
 Potential for “friendly control” bias 
 Could lead to overmatching as friends could have the same lifestyle and 
exposures of interest 
 Cases may not be willing to provide a list of friends, which increases non-
response 
Family: 
 Could lead to overmatching as family members may have similar genetic or 
environmental risk factors. 
Student 3: You can get over-matching, as the cases and controls are more likely to be from 
same areas, have same socio-economic statuses, similar genetics, etc. 
Cases and controls are more likely to communicate, thus people may have pre-formed ideas 
about the source of an ‘outbreak’ prior to interview. 
Student 4: Those nominated might not be representative of the population – they might be 
more likely to be of certain social or demographic characteristics (i.e. More sociable, or more 
likely to be female) and therefore have different exposures. People might also be more or less 
likely to nominate people that they know to have consumed something of interest (say chicken 
or eggs, if they know you are requesting a control for their salmonella infection or eaten the 
same/different meal at the restaurant).  
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3. What biases might result from using friend and family controls? 
Student 2: Biases that could result from using this form of matching include: 
 Selection bias; family or friends details provided by the case may exclude 
potential controls such as those who are not as sociable. Another issue for 
selection bias with matching would be poor responses rates;  
 Confounding- overmatching may lead to confounding on other factors not 
initial identified at the start of the study. 
Student 3: Recall bias and information bias. 
Me: One of the biases identified from using family and friend controls is selection bias. In this 
scenario we only had contact details for a small number of people who had booked which 
potentially introduces selection bias. There may have been systematic differences between 
those who booked and those who did not book. We were also relying on people that we 
contacted to provide us with the contact details of those who dined with them who were 
invariably their family and friends. These people had complete control over this and were able 
to pick and choose whose contact details they gave us which also introduces selection bias. 
The other concern was recall bias. Not only was the study done 4 weeks after the event but 
there were 150 food items available on the menu which may have made recall difficult. In 
addition to this the family and friends had been talking to each other and may have had pre-
conceived ideas about what had caused illness by the time we interviewed them. 
Overmatching may have also been an issue in this scenario as the family and friends were likely 
to have been socialised in similar ways, affecting their food choices which would reduce the 
ability of the study to detect differences between family and friends and the cases. 
4. How could the use of friend and family controls have affected the outcome of this 
study? 
Student 1: The findings may not be representative of the true population because sociable 
people would be more likely to be included that people with no friends or family 
Student 2: From the results of the study we’re unable to identify a clear exposure which 
potential caused disease. Whilst we obtained odds rations higher than 2 and none were 
statistically significant.  The use of family and friends as controls in this study most likely 
caused this to occur.  When using this form of control selection there is a danger that the case 
and controls are too similar (overmatched) in terms of exposures and other characteristics. 
When this occurs it makes it harder to identify exposure-disease associations as other 
confounding factors that have not been adjusted for impact the results.   
Student 3: People may have been more likely to tell you what they think the source was. 
If the source was not at the restaurant then this study would not have identified it. 
I would also have looked at multivariable regression analysis to account for friends/family 
sharing meals (i.e. ordering multiple dishes and sharing it more like a buffet). As you would 
expect things like spring rolls to be a common entre and rice to be served with all dishes. 
335 
 
Student 4: It is possible that no significant associations were observed because the nominated 
controls were more likely to have eaten similar foods to the cases than the study base as a 
whole.  
Me: There were multiple issues with using family and friend controls in this scenario which 
may have impacted on the final results of the study. In addition to issues with controls, the 
other factors to consider are those that impact on the food items themselves. A joint 
inspection of the premises was conducted by the New South Wales Food Authority and the 
local OzFoodNet epidemiologist. During this inspection cross-contamination issues were 
identified. This has the potential to affect the outcome of the study as the Salmonella may 
have been present in a number of food items. The other issue to consider was common food 
ingredients. This also has the potential to affect the outcome of the study as an ingredient (egg 
in this instance) that it is used in a number of dishes may not be detected as the source. 
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Appendix 2- MAE2014 cohort teaching session- Teaching plan 
 
Risk Assessment Teaching Plan 
Tove and Kerryn   
Objectives:  
- Define a public health risk 
- Introduce students to the concepts of risk assessment and risk 
management 
- Introduce students to a risk assessment framework 
- Describe the reasons for performing risk assessment 
- Describe the steps in a risk assessment 
- Illustrate the application of a risk assessment framework utilising real world 
examples 
 
Students will be able to… 
- Explain what a public health risk is 
- List the steps in a risk assessment 
- Apply a risk assessment framework to a possible public health threat 
 
Overview of class: 
1. Short intro and prior knowledge 
2. Presentation on risk assessment frameworks and application 
3. Divide the class into 2 groups and complete a short activity 
4. Return to whole groups and discuss outcomes and decisions 
5. Questions 
 
Timeline:  
Total time 40 minutes 
Detailed times and activities: 
0:05 – Short intro and prior knowledge 
0:05 – 0:15 – Presentation 
0:15 – 0:30 – Class activity 
0:30 – 0:40 – Class discussion of exercises and questions  
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Appendix 3- MAE2014 cohort teaching session- Presentation 
 
Slide 1 
Tove Fitzgerald and Kerryn Lodo
Rapid Risk assessment for 
public health events
 
 
Slide 2 
Scenario
You’re an epidemiologist in the Tasmanian 
public health unit and you receive a call from a 
GP notifying a cluster of acute gastroenteritis. 
Everyone who was symptomatic attended the 
same dinner and ate oysters, approximately 30 
hours before getting ill. It is Easter Friday. 
Where do you start?
 
 
Slide 3 
Learning Objectives
• Define a public health risk
• List the 4 steps in a risk assessment
• Apply a risk assessment framework to a 
possible public health threat
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Slide 4 
What is a public health risk?
Likelihood of an adverse health event in a 
population
 
• In this slide, only have the question 
appear first. Ask the class if they think 
the scenario on the previous slide is a 
public health risk and why they think 
it’s a public health risk to try and pick 
up the key concepts of likelihood and 
consequence 
• Ask if anyone has had experience with 
a public health risk 
• Outline that a public health risk can 
come from a variety of agents- food, 
environmental, biological, animals, 
chemical, radiological… 
• Explain in simple terms the definition 
 
 
Slide 5 
Why do we do risk assessments?
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2013
 
• In this slide, present the question first 
and ask the class the question, then 
go through the points 
• Investigation, action and decision 
making 
• Inform decisions- The risk assessment 
process documents decision points 
and the rationale for those decisions 
• Implement appropriate control 
measures in a timely manner- risk 
assessments are a systematic way to 
identify appropriate control measures 
through the gathering of relevant 
information which enables timely 
implementation (ie. An organised 
approach that promptly identifies 
control measures so they can be 
implemented in a timely manner) 
• Improve communication within teams 
and stakeholders- A risk assessment 
is a structured, organised process 
whereby stakeholders are identified 
early and methods of communication 
are established early in the piece so 
that everyone who needs to know 
what is happening is informed. 
• Improve risk communication- A 
systematic approach ensures that the 
risk assessment team is informed 
about the risk and they can 
communicate the most appropriate 
information about the risk to the 
general public 
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Slide 6 
When do we do risk assessments in public 
health?
 
• In this slide, again, present the 
question first and ask the class when 
they think risk assessments are 
conducted, then present the quote 
• Emphasise that in public health we are 
concerned about the impact of various 
agents on human health ie. No risk 
assessment on a single case of 
Salmonella in the community but a risk 
assessment for an outbreak of 
Salmonella 
• Follow on from definition in simple 
terms 
 
 
Slide 7 
The risk management cycle
World Health Organisation.  Rapid Risk Assessment of Acute Public Health  Events: Introduction to risk assessment.
 
• Explain that risk assessment is not a 
sole entity, it is part of a risk 
management cycle. The point of 
conducting a risk assessment where 
there is a potential threat is to human 
health is to mitigate the risk as much 
as possible to achieve the best health 
outcomes for people.  
• Need to consider what control 
measures are appropriate to the 
situation at hand and how they will be 
implemented and evaluated 
• Need to establish a strategy for 
communicating within the risk 
assessment team about the risk, to the 
stakeholders and to the population at 
risk 
• Focus on risk assessment, why do we 
do risk assessment 
 
 
Slide 8 
The 4 steps of risk assessment
1. Detection of an event
2. Assemble the risk 
assessment team
3. Assess agent, host and 
environment 
4. Characterise the risk by 
likelihood and consequences
 
This slide is an overview of the steps in a 
risk assessment 
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Slide 9 
Step 1. Detection of an event
• Gather information about the event
• Verify the information
 
• Detection of an event (gastroenteritis)- 
Ask the audience how they think a 
public health event might be detected. 
Talk about the different ways events 
are detected ie. Through surveillance 
systems, clinician reports, the general 
public and the media. Talk about 
verifying reports before proceeding 
any further ie. A report from a 
surveillance system (if not artifact!) or 
clinician probably more reliable than a 
newspaper report 
• Gather as much information about the 
event as possible (already learned 
from course)- The primary diagnosis, 
the aetiologic agent, mode of 
transmission, person, place, time, 
case definition, number of cases, 
indicators of severity 
(hospitalisations/deaths), specimens, 
management of cases and health care 
providers, which agencies are 
involved.  
 
 
Slide 10 
Step 2. Assemble the risk assessment team
• Gather the available experts
• Identify who needs to know
 
• Gather the experts- Once you know 
about the agent, gather the available 
experts in the field ie. Environmental 
event- environmental health team 
members and perhaps a consultant 
specific to the issue such as an expert 
in air pollution if it’s an air pollution 
event.  
• Establish communication links within 
the team and with the population 
• Establish stakeholders (what are 
stakeholders-who will they be)- Also 
establish who the stakeholders will be 
at this stage such as local or state 
health departments, the 
commonwealth department of health, 
commercial companies etc. 
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Slide 11 
Step 3. Assess agent, host, environment
Epidemic 
Triad
 
• Risk questions will typically include 
questions such as what do we 
know/don’t know about the agent, who 
is likely to be affected, which 
geographic location will be affected (is 
this local, state, national or 
international), how likely it is that the 
population at risk will be exposed to 
the agent, what are the possible 
outcomes of the population at risk 
being exposed to the hazard (ie. mild 
vs.severe) 
• At this stage, performing a rapid 
literature review may be helpful to 
answer some of the risk questions. 
The review should include information 
on what is known about the 
occurrence of the agent, the reservoir, 
susceptibility, infectiousness, clinical 
presentation, laboratory testing, 
treatment/control measures and 
previous outbreaks/incidents. Just as 
you assessed the level of evidence in 
verifying the detection of the event, 
you need assess the level of evidence 
on what is already known about this 
agent. Rank the literature from gold 
standard to unsubstantiated reports. 
 
 
 
 
 
Slide 12 
Step 4. Risk characterisation
• Likelihood-What is the likelihood of the 
worst case scenario?
• Consequences- How bad will it be if it 
does happen?
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Slide 13 
Step 4. Risk characterisation
World Health Organisation. Risk characterisation: Likelihood vs. Consequences
Very 
High
High
Mod
Low 
 
• Emphasise this is a simple model to 
demonstrate the concept of weighing 
up likelihood vs. consequences. There 
are other models that do it better.  
• Need to determine the likelihood of 
the outcome occurring. Factors that 
affect the outcome will include specific 
risk groups, the potential for further 
human exposure including the 
potential movement of the agent 
across geographical areas, the 
susceptibility of the population, the 
infectiousness or distribution of the 
agent and the severity of symptoms 
likely to be experienced by those 
exposed. 
• Need to determine the consequences 
of the outcome. Factors affecting the 
consequences will be severity of 
symptoms, hospitalisation and death 
rates, long term disability, the number 
of people affected, the effectiveness of 
control measures and the context the 
risk occurs in. 
• Confidence in the assessment- How 
confident are we that we have made 
the correct assessment? We can be 
very confident of our assessment if we 
have obtained strong evidence that 
triangulates with other sources of 
information such as expert opinion and 
previous experience with similar 
circumstances. We are not so 
confident if our evidence is weak, 
there is conflicting information and 
there is no experience with similar 
situations. 
 
 
Slide 14 
We’ve assessed the risk, what next?
World Health Organisation.  Rapid Risk Assessment of Acute Public Health  Events: Introduction to risk assessment.
 
• In this slide make the point that now 
we’ve conducted the risk assessment 
we now need to make a decision 
about what to do with the information 
we have. It may be that we don’t need 
to do anything at all but if we do: 
• Control measures- The control 
measures have to be effective and 
appropriate to the risk 
• Risk communication- The team, 
stakeholders and the general public 
need to be informed of the risk and 
mitigation measures if any throughout 
the entire process 
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Slide 15 
Scenario
You’re an epidemiologist in the Tasmanian 
public health unit and you receive a call from 
a GP notifying a cluster of acute 
gastroenteritis. Everyone who was 
symptomatic attended the same dinner and 
ate oysters, approximately 30 hours before 
getting ill. It is Easter Friday. 
Where do you start?
 
This is a real scenario 
Happened two weeks after course block 
 
Perfect example of the reality of the 10 
steps of OB investigation and how risk 
assessment plays an important role.  
Tove presented a formal framework for 
risk assessment and management and I’ll 
just talk through an example of how I 
experienced it in the field and it related to 
investigation of a communicable disease.  
 
 
Slide 16 
Outbreak investigation
1. Identify your team 
2. Establish the existence of an outbreak
3. Verify the diagnosis 
4. Define a case
5. Identify additional cases
6. Perform descriptive epidemiology 
7. Develop hypotheses
8. Evaluate hypotheses
9. Implement control measures
10. Communicate findings 
Step 0. RISK ASSESSMENT
 
Risk assessment occurs before you even 
begin investigation 
 
 
 
Slide 17 
Step 1  - Event detection
Step 2 – Assemble the team 
 
Event detection – We’ve been informed 
by a GP, would you guys be confident it 
was a genuine event? Still would want to 
contact the GP 
 
Assemble the team – In our case this 
was a quick process  DPH, pub H nurse 
and TSQAP manager  
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Slide 18 
Step 3 – Agent, host, environment
CONSIDER: Worst case scenario
What do we know about norovirus and oysters?
• Agent: symptoms, incubation period, 
transmission, vehicle, infectivity 
• Host : immunity, population exposed,  
• Environment: behaviours, context
 
QUESTION: What is the worst and best 
case scenario? 
 
QUESTION: What do we know about 
each of these things? 
 
Worst case – norovirus in oysters  
Best case– limited to this group, 
contamination at household level;  self-
limiting illness not generally too severe 
but can be in some cases  
 
Agent – norovirus, symptoms consistent, 
incubation period consistent 
Host – likely a large non immune 
population 
Environment – oysters are known linked 
with noro, literature, expert opinion 
 
Consequences – wide spread acute 
gastroenteritis. Easter weekend and 
tourism could increase numbers, does the 
producer distribute nationally? 
 
 
 
Slide 19 
LIKELIHOOD
What is the likelihood that it is our worst case 
scenario (norovirus in oysters)?
• Onset of illness ~ 30 hours after meal
• Symptoms - vomiting, diarrhoea, abdominal pain
• Food identified by cases = oysters 
• 8/8 that ate oysters symptomatic 
• Published literature and expert opinion that 
oysters are the most implicated seafood for 
outbreaks and norovirus the most common 
pathogen
 
QUESTION: What data sources could 
you use at the stage? 
 
- CLINICAL, HAYMAN, PAPERS re 
NOROVIRUS, EXPERT OPINION 
 
Would you conclude it is likely at this 
stage? 
 
CONFIDENCE in this assessment/quality 
of data? 
What are the outcomes of infection? Self-
limited, no treatment, can be serious in 
certain populations.  
 
 
Slide 20 
CONSEQUENCES
What would the consequences be?
• Very infectious agent = high numbers ill
• Population not immune
• Possible secondary transmission
• High consumption of oysters over Easter
• The local producer distributes state wide
 
QUESTION: How severe would you rate 
these consequences? 
 
How big is population exposed? 
Morbidity and mortality? 
 
This is the point where we try and 
characterise the risk though as Tove 
described it’s a very subjective process. 
So if you had to characterise the ris k?  
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Slide 21 
ACTION
• Do you investigate?
• If yes, how urgently?
• Do you take any precautionary action at 
this early stage?
 
QUESTIONS: 
Do we have enough information to justify 
precautionary action? 
Do you wait until you know what is going 
on to act?    
What could happen if you wait? 
 
REALY IMPORTANT QUESTION AT 
THE START OF AN OUTBREAK! AND 
IMPORTANT THAT RISK ASSESSMENT 
FEEDS INTO IT?  
 
 
Slide 22 
Tasmanian outbreak
• Collaborated with the manufacturer to 
withdraw oysters from sale 2 hours after the 
1st cluster identified
• The evidence while limited was felt to be 
strong and with moderate consequences 
• A leak was identified in a sewerage pipe near 
the harvest lease, tides were consistent with 
peak flow periods flowing over the harvest 
lease
 
Moderate level of confidence at that 
stage – expert opinion 
 
If it wasn’t oysters could have easily 
reversed the action  
2
nd
 cluster 5 hours later – confirmed 
direction of action and investigation  
 
 
 
Slide 23 
In Summary
• Risk assessment = how likely is it 
something bad will happen and how bad 
will it be (likelihood v consequences)
• Risk assessment is an integral part of 
outbreak investigation
• There are many ways to do this
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Appendix 4- MAE2014 cohort teaching session- Scenario 
 
Rapid risk assessment for public health 
events 
Scenario:  
A GP has called your public health unit and notified you that two international students 
returning from visiting family over Christmas in the Philippines have presented with rash, 
fever, cough and runny eyes. They reported they were part of a group of five travelling 
together.  
Your supervisor suspects measles and asks you to join the risk assessment team.  
QUESTION 1: What is the best and worst case scenario? 
 
 
 
QUESTION 2: Consider the worst case scenario, what do you know about: 
Agent: Highly infectious, can be severe  
Host: Immunisation levels in Philippines, certain groups in Australia not immunized,  
Environment: planes/close living in Philippines/airports/student living quarters in 
Australia 
QUESTION 3: What is the likelihood that it is the worst case scenario based on the 
information that you have? 
 
 
QUESTION 3: What are the consequences if it is your identified worst case scenario? 
 
 
QUESTION 4: Considering the likelihood and consequences, what do you think is the 
overall level of risk? 
 
 
 
Best: ILI with some mozzie bites – lots of possibilities  
Worst: Measles in travellers 
Endemic country, less likely to be immunized, clinical symptoms compatible, so likely  
Moderate, most immunization in Australia but some not, very infectious so could spread easily, 
aeroplane travel possible infections, can have severe outcomes  
High. Could infect many people with severe illness and there are some susceptible populations. 
